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PREFACK 


My purpose in writing this book is to record current cyanide 
practice throughout the world, giving only (‘iiough historical 
facts to serve as a background for the present develov)uient of 
the process and of the equipment used in its application. The 
inclusion of general testing procedure and numerous perhn’niance 
data is designed to insure maximum usefulness to the reader. 

The fundamentals of mill practice^ and general typ(*s of cquip- 
m(*nt have chang('d little in the past fifteen yc^ars, although 
individual machine's and gc'iieral tc'chniijue lui been greatly 
inipro\ed. Outstanding develoj)ments have' been (a)nfiru'd 
principally to e*rushing, grineling and classification, aeloption of 
flotation for cx'rtain type's of e»re' and j)re'cipitation ]>ractiee. A 
few of the older and well-de\signe*d ]dants not now in ojK'ratiem 
have be^en de'seribed })ee*ause‘ the'ir prae*tie*e was ne)t far eliffeTcnt 
from the best today, and be'cause epiite comple'te data on thedr 
operation were available'. The^ el<\seriptie)n e)f plants now operat¬ 
ing, both old and ne'W, gi\’e's a fairly bre>ad e*re>ss sectie)n e)f various 
])ractie*e's sine*e the' ge'm'ral aeie>ptie)n of e*e>ntinue)us me‘the)els. 

J have approache'el this task with se>ine' liesitancy, whicli I 
am sure will be* reaidily uneie'rste)e)d. But my relations with the 
metallurgical industry have exte'iiele'd ove'r so many years and 
haA’e received the cordial rece)gnitie)n e)f se) many frieiiels that I 
fc'cl free to write' as if I were still an operator, or consultant only. 

My first introdiie'tion to eyanidatiem dates back 37 ye3ars when 
1 was cheanist, and later oi)erator, unde*r h'ase, at Dead wood. 
South Dakota, of one of the olele\st cyanielfj mills in America, 
eje^signed by the Gejld and Silver Extraction Cvompany abejut 
1894. The first mill I built and operate*el, the Lundberg, Dorr 
and Wilson, at Terry, near by, was turne»el inte> a profitable 
undertaking by my inve?ntion of the Dorr classifier; and in 
re'nie)de'ling another mill in the same district the Dorr thickener 
was born. 

The' Black Hills district of Se)uth Dake)ta, though small, pre¬ 
sented many dive»rse metallurgieral problems and yieldevl some 
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PREFACE 


important developments. Out of it came the first crushing in 
cyanide solution in America, continuous decantation with 
mechanical thickeners, mechanical classification, continuous 
zinc-dust precipitation and the sluicing filter press of Merrill 
and the first successful use of Moore’s vacuum filter. 

So many have contributed to the development of the art of 
cyanidation that it is difficult, if not impossible, to make the 
record complete. I wish to express my thanks and appreciation 
to those managers and metallurgists all over the world who have 
published the results of their work and have so generously 
responded to requests for technical information; also to those 
other producers of the tools of the industry who have given their 
data so freely. 

1 am greatly indebted to my associates for assistance in the 
preparation of this work, especially to Mr. E. R.Ramsc^y, without 
whose aid it would never have been undertaken, and to Mr. 
Anthony Anable. Thanks are due also to Messrs. M. W. von 
Bernewitz, Burr A. Robinson and J. C. Williams for their aid 
in collecting and preparing the material for publication and to 
Messrs. H. A. Megraw and J. A. Paker for In^lpful comment and 
suggestions. 

John V. N. Dour. 

New Yokk City, 

October^ 
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CYANIDATION 
AND CONCENTRATION 
OF GOLD AND SILVER ORES 


CHAP'fEll I 
HISTORICAL 

Tho process that was to revolutionize all eon(*epts of gold 
milling and increase a gold oiitj)ut that was ev(ni then lagging 
behind the needs of an expanding world-credit structure was 
developed without financial backing by three zealous ex})eri- 
menters in a poorly (Kpiipped laboratory in Glasgow, 8(^otland, 
almost half a century ago. To J. S. MacArthur, a metallurgical 
chemist, and to R. W. Forrest and W. Forn^st, doc^tors of medi¬ 
cine, the cyanidci pro(!ess for gold extraction owes its origin. 

At the time of tlu'ir inadvertcait discovery, MacrArthur was 
chief chemist to the Tharsit; Sulphur and (k>])])(*r ('!o. in Glasgow, 
where he had experimented extensively on the n^covery of small 
quantities of precious metals from copf)er k'aching solutions and 
on increasing re(K)V(^ry by the use of clilorine and bromine. As 
this was outsider his company’s usual a<*tiviti(\s a small syndi(rat(^ 
was formed, including MacArthur, the Doctors Forrest, and 
George Morton, a Glasgow business man. A roon) at tlu^ 
Forrests’ surgery was fitted uj) as a laboratory. Th(» results 
of some of his work were published by MacArthur in the Journal 
of The Society of ChemicAil Iruiuatry and as a result he was aske^d to 
investigate the Casscl process for the Cassel Gold Extraction Co., 
the inventor of the process, H. R. Cassel, having unexpectedly 
resigned. While MacArthur reported that the ("ass(d pnx^ess 
for gold extraction, depending on the solvent action of electro- 
lytically generated chlorine, could never become an economical 
process, he continued experiments in his laboratory on other 
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2 CYANIDATION AND CONCENTRATION OF ORES 

solvents, with the result that the dissolving action of a dilute 
solution of cyanide on gold was discovered. 

Although L. Eisner, a German chemist, had published the 
findings of his experiments, which included the basic idea of 
cyaniding, in Jour. f. prakL Chem. in 1846, he had failed to 
recognize its significance and made no practical use of it. It 
was MacArthur and the Forrests who realized the importance 
of their discoveries and fathered the idea through the vicissi¬ 
tudes of lengthy litigation, demonstration and finally commercial 
realization. 

On Oct. 19, 1887, tliey registered their first patent—British 
Patent 14174. It coven^d the efficacy of potassium cyanide as a 
solvent in weak solutions. Their second patent, registered the 
following year, included the use of alkalis, methods of applying 
(cyanide and the use of zinc “in a state of fine subdivision'' 
for precipitation. A year later their extraction and precipita¬ 
tion inventions were patented in the United States by U. S. 
Patent 403202, granted on May 14, 1889. Practically without 
exception the patentees were unsuccessful in upholding their 
claims in the face of determined litigation in the Trans¬ 
vaal, New South Wales, Tasmania and finally in the United 
States. 

The original claims of MacArthur and the Forrests are remark¬ 
able in that little has been disproved. Their claims with respect 
to the alkalinity of solutions (weak ones preferred) and to the 
use of zinc as a precipitant were basic. Nevertheless, the inven¬ 
tors were forcc^d to modify their initial claim regarding the 
strength of solution, and also that in connection with the use 
of finely divided zinc as a precipitant was circumvented, in the 
early days, by the use of zinc filament or zinc shavings. 

Following the growth of the cyanide process in the hands 
of other men, we trace its progress in the world's major gold 
fields—Australia, New Zealand, the Transvaal and the United 
States—^for by 1888 in each of these areas British cyanide 
specialists were attracting attention. The first commercial 
cyanide plant was erected at the Crown mine, at Karangahake, 
New Zealand, in 1889, by J. McConnell. Alfred James, repre¬ 
senting the MacArthur-Forrest company, introduced cyaniding 
on the Rand in 1890 at the Robinson mine. The first cyanide 
plants appeared in the United States in 1891, one at the Consoli- 
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dated Mercur in Utah, designed by H. W. Brown; and the other in 
Calumet, Calif., managed by A. B. Paul. Mexico\s first cyanide 
plant was at El Oro mine, of the American Mining Company, in 
1894. South African statistics show the rapidity with which the 
cyanide process was accepted in its infancy, for, from $6,000 in 
1890—the first year of cyanidation—the value credited to the 
process increased to $6,000,000 in 1893. 

In the early days in New Zealand and Australia the stamp 
battery was in the period of its greatest use, dry crushing liand- 
sorted ores. Crushing was followed by roasting and clilorina- 
tion, since the ores w^ere complex and not amenable to .simple 
amalgamation. 

With the advent of cyanidation the chlorination process, 
a costly system, declined and never revived. Later, as the 
metallurgy developed, weak cyanide solutions vere used in the 
crushing systems instead of water. 

Sand and slime were separated, first in pointed boxes or 
cones, the sand going directly to leaching vats, equipped with 
filter bottoms, where leaching baths were applied in succession, 
as required. The slime was settled in tanks and agitated in 
cyanide solution. Mechanical agitation was first used alone; 
then compressed air was introdu(?ed through tubes reaching 
to the bottom of the tanks and later by air lifts in tall cone- 
bottomed tanks—the Brown or Pachuca tank and the Parral 
tank, a modification of Brown’s air-lift idea—and finally tlie Dorr 
agitator, coinbining air and mechanical agitation. Sliint^ 
thickening and washing were accomplished in settling tanks, 
equipped for the decantation of clear, supernatant solution or 
in filter presses provided with facilities for washing the cake. 
Some ores were roasted before cyaniding, and others w^re treated 
successfully by the bromocyanide process. 

Generally, fine zinc thread, or shaving, was used for precipitat¬ 
ing the precious metal from cyanide solutions, employing upward 
percolation in the well-known baffle-type zinc box. Occasionally 
charcoal was used as a precipitant, and in Africa electrolytic 
precipitation on lead-foil cathodes. 

The application of the cyanide process to ores, the value of 
which is principally or wholly in their silver content, lagged 
behind its use with gold ores. This is largely because silver 
usually occurred in combined form, sulphides and chlorides. 
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It waH believed at first that these compounds would not yield 
to cyanide treatment. 

About 1900, however, Leonard Holms made preliminary 
tests upon the silver sulphide ores of the Sirena mine at 
Guanajuato, Mexico, and soon thereafter K. M. Hamilton built 
and operatcid a large-scale experimental plant at the same 
property, definitely proving the usefulness of the process with 
ores of that character. 

Previously, Hamilton had operated the plant built hy Charles 
Butters, at Minas Prietas, Sonora, treating by cyanide a large 
quantity of gold-silver tailings accumulated from the operation of 
the Grand Central pan-amalgamation mill. 

ButtcTs and Mein in 1894 devised a revolving-arm distributor 
for uniformly chargiTig vats, which made for economy and 
promotcid more uniform leaching. In 1895 H. L. Sulman and 
F. L. Teed were working toward improved precipitation methods 
and probably w'(^re resjK)nsi})le for the stimulus that led up to 
the [K'rfection of zinc-dust precipitation nu^thods by C. W. 
Merrill at Marysvilk*, Mont., and later at the Homestake. 

Caldecott is credit(‘d with having developed agitation in 1898 
from mechanical to air methods, starting the s(jquence that led 
up to the most modern methods. In April, 1901, Blaisdell 
patenhis excavator for plowing leached sand to a central 
discharg(' outh't, whmice it w\as carried by l)elt conveyor to w^aste. 
About 1899 L. H. Diciil introdu(H»d the tube mill, to accomplish 
finer grinding, borrowing the device from another industry. 

While progress in cyanidation continued in Australia and the 
Transvaal, it w^as in th(^ newer fields of Mexico, the United 
States and Canada that the greater number of improvements in 
the art had their gcan^sis. 

During my w'ork in cyanidation in the western United States 
betwe(Mi 1899 and 1912, as chemist, as cyanide mill owuier and 
operator, and finally as consulting engineer and plant designer, 
direct nc^eds and an early recognition of the importance of con¬ 
tinuous, foolproof operation, as w’ell as the fundamental advan¬ 
tages of mechanical control of liquid-solid mixtunis, led me to 
the inv('ntioii of th<^ Dorr classifier in 1904, the Dorr continuous 
thickener in 1905, and th(» Dorr agitator combining air and 
meclianical agitation in 1907, as w^ell as to development of 
continuous countercurrent decantation. While each was pro- 
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duced to meet an individual need, all contributed materially 
toward higher recovery, lower costs and larger units by making 
finer grinding and a single all-sliming process more feasible. 
Many have contributed to improvements on these basic inven¬ 
tions. A. L. Blomfield, a former associate in a consulting 
capacity, developed a type of tray thickener that has been widely 
used and later the bowl-typ<i classifier. Both machines were 
developed at the Golden Cycle mill, of which he was manager, 
to meet specific demands of mill expansion. 

About 1903, George Moore, closely followed by Charles 
Butters, was applying the principle of vacuum-leaf filtration to 
cyaniding, and their filters came into wide us(\ The invention 
of E. L. Oliver, in 1907, of the segnu^ital rotating vacuum filter 
made continuous filtration and washing possible and tended to 
supersede filters of tlie Moore and Butters types. Now the 
Oliver and other types of continuous filters are used in all parts 
of the world. 

During the same period, continuous precapitation using 
zinc dust, excluding air from the system, was d(‘V('loped by C. W. 
Merrill, and this was perfected by T. B. Crowe, who applic^d 
vacuum to remove air from the solutions l)efore pnaapitation. 

Prior to the war period, 1914-1918, })rocess(‘s of cyanidation 
had become crystallized, the forerunners of i)res(ait(apiii)ment had 
appeared in more or less dcn'^eloped forms and the industry was 
ready for consolidation of the advances. Th(*reafter, refincanent 
of details received more attention, and the? (cyanide process 
entered its present stage;. Gold production, wliicli amounted 
to 21,303,725 oz. in 1914, was increased by dis(;ov(;ries, develop¬ 
ments and new practic(;s to a total of 27,474,516 oz. in 1934, the 
record production up to that time. 

Multiple-stage crushing became standard practice;, finer stages 
using rolls or cone crushers in closed circuit with screens, gcaierally 
of the vibrating type. Larger jaw and gyratory (;rushers were 
used to handle larger pieces of ore; and fine crushers of improved 
design made possible a product of smaller size, in. or 
less. The stamp battery, still used in South Africa and a few 
mills in North America, was operated principally as a fine- 
crushing machine. Multiple-stage fine grinding is now used 
largely, the grinding machines in closed circuit with mechanical 
classifiers. 
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This latter period has brought emphasis upon the effort 
to reduce power costs and at the same time to grind finer than 
had been considered practically possible. The heavy-duty 
ball mill, short in proportion to its length, loaded with steel 
balls, has become of great importance. The advantage of high 
circulating loads between grinding mill and classifier led to the 
introduction of heavy-duty classifiers of both single stage and 
howl type, and this trend is increasing. Many mills are produc¬ 
ing a final pulp containing only a small percentage of plus 
325-mesh solids. 

In 1925 J. J. Denny, at the McIntyre Porcupine mill in 
Ontario, introduced differential grinding and selective agitation 
for the McIntyre ore, in which a large portion of the precious 
metals was locked in a refractory pyritic envelope. A bowl 
classifier at the end of the agitator series effected a concentration 
of the heavy i)yrite, in the rake product, which was re^turned to 
the head of the mill for regrinding, while the less valuable quartz 
overflowed to d(H!antation direct. Not only was the pyritic 
(‘onstitiient ground finer than the quartz, but also it remained 
in the agitators much longer. Thus the quartz and pyrite w^ere 
each ground and agitated to the degree demanded by their 
relative* vahic*s and amenability, yet no uneconomical overgrind 
occurred. Much the same thing was done in South Africa at 
the S])ring mines a little later. In the new M(*Intyr(* mill, built 
in 1931, Denny introduced flotation cells placed between ball 
mills and tlie classifi(*r, to extract concentrates from the system 
as early as feasible. 

Vacaium filters developed rapidly, and their use spread into 
all cajnjjs in the 1920\s, especially those of the rotating-drum 
type of Oliver and, in leSvS(*r degree, the American disc-type filter 
of A. L. Gent(»r. The first drum filter in Canada was used at 
th(* Hollinger mill for dewatering and w^ashing the tailings from 
its countercurrent de(!aiitation plant. 

At first, vacuum filters were used only for dewatering tailings 
or, at most, one stage of washing, in which case barren solution 
or water was sprayed on the cake to displace gold-bearing solu- 
ti()n. Later, there was introduced a new system known as double 
filtration, w'herein two filters with an intermediate repulping 
agitator were arranged in series for washing the pulp by a com¬ 
bination of spray washing and displacement. The question 
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of how many stages of decantation in thickeners and how many 
stages of vacuum filtration to use is dependent upon economic 
conditions, and while no definite trend is discernible, it appears 
that average practice favors three to four stages of decantation, 
followed by one stage of vacuum filtration. South African condi¬ 
tions are unique because Rand ore filters readily, and the slime 
can be washed easilj'’ by one stage of filtration. Intermittent 
filters of the Butters type were used to an appreciable extent, 
but new plants are now installing continuous rotating filters. 

A study of cyanide methods indicates that no system has 
become more universally used than the Merrill-Crowe precipita¬ 
tion process. The use of zinc shavings has practically dis¬ 
appeared, except in the older mills. Clarification of pregnant 
solution in presses, deoxidation in vacuum towers (Crowci 
process), addition of zinc dust under conditions precluding the 
reabsorption of oxygen and, finally, the collection of the precipi¬ 
tate and excess zinc dust on filter presses or in filter bags have 
become standard practice. 

Potassium cyanide was used generally in the early days of the 
cyanide process but was replaced later by the cheaper sodium 
cyanide. In 1917, owing to an acute shortage of white cyanide 
resulting from war conditions, black or Aero*' cyanide, Ca(CN) 2 , 
was introduced. Real del Monte, in Mexi(a), was the first to 
use the new cyanide in 1917, and such representative mines^ 
as Golden Cycle, North Star, and I'onopah Extension rapidly 
followed the example of the Mexican mine. Today, black 
cyanide is extensively used in every mining district in the 
world. 

Of great interest in precious-metal metallurgy is the flotation 
process long practiced in copper, lead and zinc concentrators. 
Its use in gold and silver milling really goes back only to about 
1931, although countless laboratory and semicommercial scale 
tests antedated its use on a full-jdant scale by more than a decade. 
Sometimes it is used alone for the recovery of gold and silver, 
3 delding a concentrate which is shipped to a smelter and a tailing 
which is discarded, but usually it is employed in conjunction with 
cyaniding. Several options, in this latter regard, are available, 
such as flotation of the mill heads, followed by cyaniding the 
concentrates or cyaniding the heads with retreatment of the tails 
by flotation. Flotation, to be sure, is not a solution for all 



8 


CYANIDATION AND CONCENTRATION OF ORES 


milling problems, for its use is limited to certain ores, but it has 
become an increasingly valuable tool for the metallurgist. 

The cyanide process in its development has made material 
contributions to many branches of technology. Not only in 
base-metal mc^tallurgy but in nearly all industries where finely 
divided solids suspended in liquids are met it has been most 
valuable. Its recognition of the importance of mechanical 
control and continuous operation in fine solid-liquid mixtures 
and the size of its units have opened the way for advances in 
sewage and water purification and made wet chemical processes 
and industrial processes. 

REVALUATION OF GOLD 

The price of gold in the United Stat(;s, formerly fixed at 
$20.67 per ounce, begari to rise Apr. 20, 1933, and continued to 
rise until it gradually attained $30 p(‘r oz. during Stq)teinb(T of 
that same y(?ar. It was fixed at 8^15 per oz. by presidential 
proclamation on Jan. 31, 1934, a price that was maintain(»d 
through 1935 and to date, the first part of 1936. The pri(^e of 
gold in other world markets approximated the United States 
price range. 

According to John J. Ooston, T,P. 709, A.LM.E., preliminary 
estimates indic^ate that in 1935 somewhat over 30,000,000 oz. 
of gold w\‘is produc(*d, the largest output ever r(‘(*ordc‘d and 
exceeding the previous year by more tlian 11 per (rent. Of 
this huger total the Witwat(rrsrand fi(rl(l produced about 10,800,- 
000 oz., (jompared with 10,480,000 oz. in 1934. Incom})lete 
data indicate that the U.S.S.ll. prodiua^d b('twe(m five and five 
and a half million ounces, compared with 4,300,000 in 1934 and 
2,814,000 in 1933. The UniU'd States took third place from 
Canada, with a im)duction of 3,546,000 oz. against 2,916,000 in 
1934, while Canada increas(*d her total from 2,965,000 to 3,291,- 
000 oz. Gains of lesser magnitude were made in Australia, 
the Gold Coast and other countries. As a result of great activity 
in developing outlying areas on the Rand, and the great number 
of new companies building mills in Canada, Australia, the Gold 
Coast and the Uniti^d States, Croston prophesies that the years 
1936 and 1937 should see new high records, as these new producers 
will more than offset any decline in the older properties. 
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Owing to the gradual depletion of known deposits that were 
profitable to work at costs existing prior to 1929, the world's 
gold-mining industry was slowly but steadily shrinking in 
importance. To quote Croston: 

The International Geological Congress at Pretoria and the League of 
Nations Committee drew attention to the estimates of the mining 
experts of the various governments predicting a steady falling off in 
world production. On the Hand there were 10 mines that could not pay 
dividends in 1929, and the engineer of the Union Government predicted 
a drop to about 8,000,000 oz. annually by 193() and to 4,000,000 oz. by 
1945, based upon the costs existing at that time and upon the then 
standard price of 85 shillings. The United States and Australia, both 
producing at a relatively low rate, were slated for a still greater decline, 
and only Canada gave expectations of increased output. No account 
was taken at that time of Russian production, as the U.S.S.R. was not 
giving out information on the annual out])ut or in regard to develop¬ 
ments in that republic. It was known, however, that prior to the 
revolution most of the gold came from placers, and little Avas known 
about the possibility of large lodes. 

The decline in production was based upon the inexorable fact that the 
deeper you dig and the leaner the ore treated the higher become the 
production costs. Several countries offered a bonus on gold production 
as a means of helping the struggling producers, and this in effect was the 
same as revaluing the gold as far as its sale by the mines was concerned. 

If the world wants gold in sufficient needs for world commerce, it will 
have to pay a price commensurate with the cost of ])roducing it. Gold 
increased almost four times in price during the jxiriod 1344 to 1717, when 
it was pegged at the equivalent of $20.67 per troy oz. It would be 
ridiculous to attempt to prove that this price bore any relation to the 
cost of producing gold either in 1717, in 1890 or 1929. It was purely 
an arbitrary figure but witli tlie discovery of rich dej)osits in California. 
Australia and South Africa was sufficient to bring forth a requisite 
volume of production. Methods of mining and treatment have reached 
a high degree of efficiency, and few radical reductions in per-ton costs 
are to be expected. The paucity of new discoveries and the necessity 
for treating lower grades from greater depths indicated a gradual drying 
up of production unless some stimulus were given to the industry. 

This gradual shifting of the economic phases of world gold production 
has seemingly escaped the attention of the majority of monetary writers. 
They have treated gold production as a static affair unaffected by 
changes in reserves, grade, depth and other factors in exploiting this 
wasting natural asset. Certain phases of the economics of gold mining 
arc not so simple as those of hog raising or wheat growing. 
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The first fillip to gold mining came with the onset of the depression. 
Labor became more abundant and efficient; wagefhtes dropped, as did 
the cost of supplies, enabling marginal producers to gain a better foot¬ 
hold. The second boost came when Great Britain went off the gold 
standard, enabling the producers in certain countries to benefit by a 
substantial exchange premium. The last and greatest stej) was taken 
when the United States Government officially revalued gold from $20.07 
to $35 per oz. A careful consideration of the background factors leads 
to the conclusion that gold will not go back to its old j)rice. 

The new status that gold mining has attained has made it desirable 
to survey the industry throughout the world to ascertain how revalu¬ 
ation has affected production, ore reserves and costs. 

The following tabl(\s were compiled by Croston from extensive 
files on all the important nonferrous metal mines of the world, 
to which clippings and annual reports from Johannesburg, 
London, Melbourne, Toronto, and other centals have been 
constantly added. They have been revised and brought up to 
date by him especially for this publication and are reproduced 
here with liis permission. 



Calendar years, unless otherwise noted 
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Annual Output of World’s Leading Gold Mines, 1929-1935.— {Continued) 
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Gold Production of Custom Smelting, Silver and Base-metal 
Mining Companies 

(1935 figures included where reports are available) 


Company | 

1935 

1934 

1933 

1932 

1931 

1930 

1929 

Amer. Smelt. & Ref. Co.. 

1,860,299 

1,476,487 

1.298,697 

1,345.960 

1.4.54,774 

1.700.702 

1,461,215 

Amor. Metal Co. Ltd_ 

578,960 

414,284 

335,371 

321.535 

522,902 

485,176 

478,504 

IJ.S. Smelt., Ref. A Min. 








('o. 

356.906 

321.385 

328.826 

350.678 

314,755 

322,968 

260.197 

Golden Cycle Corp. 

158,941 

162,598 

145,271 

158,522 

122,711 

X 

X 

Hudson Bay M. A 8. Co. 








Ltd. 

104,218 

99,3.34 

94.745 

82..5()5 

73,000 

V 

y 

Internat. Nickel (’o.**. . 

60,944 

74,375 

21,335 

22,675 

23,381 

22,867 

7,802 

Hidachi mine (Nippon 








Mining Co.). 



87,996 

81.963 

84,063 

79,753 

64,913 

Saganoseki mine (Nippon 








Mining Co.). 



72,764 

68,514 

122,899 

98,333 

76,222 

Pht'Jiw Dodge Corp.i 

107,435 

68.889 

43,882 

28,7;i6 

99,749 

70,03:i'' 

100,607" 

Cia. Minera las dos 








Estrellas. 





80,1.53 

78,417 

62,920 

Utah Copjier Co. 

67,64.5 

44,069 

39,264 

2.5..399 

.54,124 

04,240 

116,087 

San Luis Mining (^o. 





46..5.55 

43,919 

40,800 

Naeshima mine (Mitsu- 








bishi Mining Co.). 



41.874 

39.262 

36,166 

30,805 

2.3,632 

Cons. Min. & Smelt. Co. 








Can. 

65,131 

35,328 

22,393 

33,346 

24,96s 

25,782 

14,694 

Besshi (Sumitomo Min- 








ing Co. 



26.587 

23,567 

3H,9t»'i 

28,662 

24,467 

Cerro de Pasco Copper 








Corp. 

28,637 

20.000 

20,326 

12,000 

28,670 

29,778 

33,671 

Cia. Dos Carlos, S.A. 


1 



24,403 

31,0iK) 

29,354 

Cia. Min. y Beneficiadore 








dc lude. 





22,442 

25,.560 

16,691 

Greene Catiunea (’opj)er 








Co. 

16,370 

20,851 

13,528 

9..596 

8,447 

7,941 

12,366 

Kosaka mine (Fujita 








Mining Co.). 



24,236 

17,355 

18..5.58 

IS..349 

17,500 

Anaconda Copper Min¬ 








ing Co. 


49,208 

40,886 

18,.5.51'- 

32,724 

21.209'- 

61,080 

Mexican Corp.^. 

20,460 

13,193 

6,744 

8,339 

9.195 

7.941 

9,838 

Shenandoah-Dives Min¬ 








ing Co. 


15,969 

23,124 

X 

:{0..561 

17,7.53 

X 

Howe Sound Co.'*. 

10,690 

12,034 

13,701 

8,868 

5.476 

12,770 

14,252 

Neg. Min. Santa Maria 








(Ic la Pas. 

12,787 

X 

X 

X 

8,874 

6,209 

12,025 

New York A Honduras 








Rosario Mining Co.... 

12,274 

12,996 

17,210 

16,0.54 

15,835 

13,498 

10,304 

Guanaiuato Reil. A Mines 








Co. 


11,810 

12,482 

1.5,06.5 

16,.526 

11,382 

12,346 

Magma Copper Co. 

32,899 

30,311 

11,2.55'^ 

H,12(K 

9,244^ 

10.1.54'- 

13,40.5'’ 

Union Min. du llaut 








Katanga. 


20,2.55 

9.391 

X 

X 

X 

X 

Bun^r Hill A Sullivan 








Min. A Cone. Co. 


5,2:10'- 

ll.lOl'' 

34,760 

44.811 

46,000 

X 

Andes Cupper Mining Co. 

13,3.51 

10,4.59 

6.626 

1,991 

4,791 

6,629 

16,537 

United Verde Copper (\). 


shut 

shut 

shut 

10,350 

42,9.37 

62,097 

Nevada Cons. Copper (^). 

! 



8,311 

26,670 

14,.537 

14,536 

i_ 


“ Calumet and Ariaona output included, although not mergei] during these ycjirs. 

Year ended June 30. Cyanide plant operations only. 

Own ores only, custom ores not included. 

^ Annual sales. 

* No data received. 

V Mine not in operation or not yet discovered. 

* The gold production of the Soci^t/; Fruncaise des Mines de Bor (Yugoslavia) is not included in the above 
table aa the figures are not av^able. It is believed that about 2 oss. are pniduced for each ton of copper 
metal—or about 60,000-75,000 ois. annually in recent years. 




























Fio. 2A .—“The Bout Year for Gold and the Poorest for Silver” by Scott 
Turner, Director of U. S. Bureau of Mines. (From Mining and Meiallurgy, 
January ^ 1933.)—Silver. 
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Flo. 2H .—“The Best Year for Gold and the Poorest for Silver,” by Scott 
Turner, Director of U. S. Bureau of Mines. (From Mining and Metallurgy, 
January, 1933.)—Gold. 
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Gold Pboduction op the World, by Countries 

(In troy ounces, fine gold) 



1931 

1932 

1933 

1934" 

United States (inc. Philip- 





pines) . 

2,396,722 

2,449.032 

2,656,246 

3,075,192 

Canada. 

2,695,219 

3,050,581 

2,949,309 

2,904,395 

Mexico. 

623,003 

584,487 

637,727 

670,000 

Total North America. 

6,713,944 

6,084,100 

6,143,282 

6,709.687 

Total Central America.... 

67,726 

82,238 

87,076 

97,000 

Total South America. 

679.134 

686,981 

909,.359 

1,i09,000 

Transvaal. 

10,877.777 

11,558,632 

11,013,713 

10,486,393 

Rhodesia. 

541.606 

680,484 

645.687 

693,263 

West Africa. 

269,023 

292,610 

338,110 

377,100 

Congo, Madagascar, etc. . . 

249 , G6C 

304.463 

430,302 

610,9(MJ 

Total Africa . . 

11,927,961 

12,735,979 

12,427 212 

12,067,666 

U.S,S.R. (inc. Siberia) . 

1,700,960* 

1,990.086* 

2,667,100* 

4,313.000* 

Other Europe . 

259,346 

298,146 

405.931 

506.000 

Total Europe . 

1,960,306 

2.288,230 

3,073,031 

4,819,000 

British India. 

330,484 

329,632 

336,106 

320 , 563 

East Indies . 

100,083 

77,964 

78,832 

89,100 

Japan and Chosen. 

642,663 

642 , 663 

642,426 

700,000 

China and others. 

223,291 

j 225,707 

300,3.39 

360,000 

Total .Asia. . 

1,296,621 

|... 

1,275,966 

1,357,703 

1,459,663 

! 

.Australia and New Zealand..! 

783,934 

998,267 

1,1,52,471 

1,212,010 

Total for world, ounces. . -j 

22,329..526 

24.160,761 

25,1.50,133 

27,474,516 

1 

'fotal value old'. 

$461,591,475 

$499,239,701 | 

$519,898,519 

$607,949,700 

Total value new''. 

$781,533,376 

$846,270,636 ^ 

$880,264,665 

$961,608,060 


" Preliminary estimates. 

^ Unofficial data based on Soviet press reports; 11134 includes 50,(Hid os. from ores exported 
to United States for recovery. 

« Value; $20.6718+ per fine oz. 

^ Value: $35 per fine oi. 

From Mining and MetaUurgg, January, 1933, article by Scott Turner. Director of U. S. 
Mureau of Mines. 
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Average 

grade 

0.3512 

0.4918 

0.7245 

0.2921 

0.4143 

0.7201 

0.5691 

0 5169 

0.2552 
0.3887 



Total 
metallic 
ounces 
fine gold 

' ci-woON con ^ 

1© 

OOO M 

aoco-4^ oi i 

at^<DO h-o 00 

CO 1 

is 3 

OJ eS 

«© 

00 a> 

O 00 

CO 1-4 

»o 

CM 

CM 

s 

•ra 

no 

Tonnage 

(companies 

reporting 

grade 

only) 

101,034,871 

1,904.100 

1,818.065 

12.821,812 

4,821,812 

992.096 

1.169,621 

2.117.097 

34.277.136 

11.827.136 

QO 

CO 

CO 


Tonnage all 
companies 
(including 
those not 
reporting 
grade) 

b 

h 

b 

b 

b 

b 

1,783,608 

b 

15,594.058 

37.708.280 

15.258.280 



Average 

grade 

0.2748 

0.2773 

0.3673 

0.4194 

0.3147 

0.3851 

0.4263 

0.4843 

0.5267 

0.2385 

0.2982 

25c 

GO 

o 

1 91,995,784 | || 

Total 
metallic 
ounces 
fine gold 

50.481,838 

48.431.667 

1.217.558 

3.742.264 

5.892.913 

4,262.924 
1,112.115 
1.110.953 
1,392.713 
610,927 
14..556,556 

8,950,563 

1.538.600 

8,429.242 

1,910.105 

eoo^o 

OOCOOI-H 

-11(5^0 

Tonnage 

(companies 

reporting 

grade 

only) 

183.580.964 

174.669.878 

3.315.334 

8.922.490 

18.723,449 

11,070.919 
2.608.888 
2,293,8.35 
2.644,200 
2.180.425 
61.041.996 
30,012,996 

1,408,000'* 

1,175,981.112 

iiOCM 

000-4 

ICO I-I 

i-i’ oo' —' 

-4000 

co^os 

O 

00 1- 
CJ — 

, 

i fS 

eo 

Tonnage all 
companies 
(including 
those not 
reporting 
grade) 

187,830.094 

! 

h 

18,923,449 

11,270,919 

b 

2,330,766 

b 

,56.948.266 

63.581.313 

,32.552.313 

5,900,000 

6 

Region 

Transvaal, South Africa. 

35 Rand mine.s. 

Rhodesian. 

Other .\frican. 

Australa-sian. 

Australasian (not including Mount 

Morgan). 

Philippines. 

Asiatic. 

South American. 

United States. 

Canada. 

Canada (not including Noranda). 

Europe. 

Alluvial mines. 

Dredging and hydraulicking. 

Dredging (companies reporting ounces 
but not yardage). 

World total (by clas!$es) 

Ores. 

Alluvial mine.s. 

Dredging and hydraulicking.{ 

Deeding (no yardage reported).! 

World grand total. 


Not including Russia. Square fathoms. 

All companies listed reported grade. « Cubic yards. 

U.S. data not complete. / Cents per cubic yard. 
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Silver Production of the World, by Countries 
(In troy ounces, fine silver) 



1931 

1932 

1933 ^ 

1934« 

United States (inc. Philippines). . 

Uanadu. 

Mexico. 

Central America. 

South America. 

30.919,135 
20.568.216 
86,064.457 
4,000,(K)0 
17.200,004 

23,980,773 

18,356,393 

69.303,054 

4,300,(M)0 

11,190,661 

23,002,629 

15,187,(Ki3 

68,101,062 

4,800.000 

11,272,860 

31,384,218 

16,360.020 

76,(XK).000 

6.000,000 

15,890,000 

Total America. 

158.741,812 

127.130.881 

122,363,614 

143,024,247 

British India (inc. Burma). 

Japan and Chosen. 

China and others. 

East Indies. 

6,923,006 

0.386.777 

482.320 

1.473.113 

6.026,737 
6,669,975 
280,437 
842,362 

6,080,241 

6.168.174 

80,437 

860.463 

6.120 iK)0 
0,.300.000 
200,000 
900.000 

Total Asia. 

14.061.721 

13.719.611 

13,189.315 

13.620.(K)0 

Transvaal. 

Hhodesia. 

Belgian Congo. 

Oth(»r Africa. 

1 .063.050 
76,508 
2.411,250«' 
1.222.346 

1,120.668 

114.893 

1,864,700fc 
340.000 

1.0 .5 oil 
112.459 
2,620,226^ 
381.000 

1 .002.(XK) 
120,000 
3.858,00()<' 
231 .(KH) 

Total Africa. 

4,773,154 

3,440.261 

4,178,696 

5,211 .(MX) 

Europe.. 

12.927,667 

13,144.462 

12,433,896 

1 

13,5(X).0(X) 

.\uHtralin and New Zealand. 

8.628,744 

9.492,726 

11,552,438 

12,000,000 

Total output in ounces. 

Total value in dollars. 

Average price in cents. 

199.132,998 

57.774.457 

29.013 

106,927,841 
47,080,,328 
28 204 

103,717,967 

67,290,373 

34.997 

187,856,247 

90.702,149 

4g.28:i 


American Bureau of Metal Statistics. 

Figures for foreign l•ountr^eH are l)aB<*d largely on the statistics cmllected by the Bureau of 
the Mint where no direct ofliciul figures can be obtained. 

From Mivint) and Metallurf/y, January, IU33, article by Scott Turner, director of U.S. 
Bureau of Mines. 





















CHAPTER II 


EXAMINATION AND TESTING OF ORE 

Reputable firms and experienced metallurgists who specialize in the 
testing of ores are to be found in all of the principal mining countries. 
Laboratories operated by governmental agencies conduct preliminary tests 
on ores for prospector or mineowner in Australia and Canada. 

Ijcading manufacturers of machinery and chemicals used in cyanide 
and flotation plants maintain testing plants where the essential factors 
governing the proper use of their products are determined by experienced 
experimenters. 

For all those properly qualified by education or experience^ who desire to 
CAirry out their own tests^ a description of the general methods of conducting 
them and of the apparatus required is outlined in this chapter. 

PRELIMINARIES 

The value of any series of experiments depends entirely upon 
the validity of the sample of ore used for test. It must represent, 
wholly and completely, the character of the material that will 
he treated in the plant to be designed and constructed. If it 
does not, the tests will he useless, or worsts—misleading. 

In some cases, owing to conditions under which mining is 
carried on, it is considered advisable to remove a portion of 
valueless material by sorting before the ore is delivered to the 
metallurgical plant. No intelligent appraisal of the need for 
sorting or its extent can be determined from a laboratory sample, 
but it is essential that the test sample should represent accurately 
the character of the proposed mill feed, as to both precious-metal 
content and the proportions of barren material, wall rock, 
gangue, etc. All of these factors are important, since they go 
to determine the sizes of equipment for settling, filtering, clarify¬ 
ing and classifying as well as grinding equipment. These details 
are crucial and are essential parts of a complete investigation of 
possible metallurgical processes. Therefore, if sorting is to be 
done, the test sample should represent the ore after sorting. 

The quantity of the sample is important in its bearing on the 
representative nature of the material. It should be sufficient 
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to represent truly the character of the ore. Canadian custom 
at present is to ship from 500 lb. to 1 ton for Ottawa tests. 
Where the material is unusually uniform, smaller amounts will 
serve as well. 

In cutting dowm the sample and making separate portions for 
different methods of treatment, all possible care should be taken 
to ensure similarity of each portion. No care is too great to 
make certain of the representative character of the samph* for 
testing. Consideration should be given also to abnorinaliti(*s of 
ore feed that may be expected, owing to variations of the ore 
bodies being mined, to alter the average or usual character of the 
mill feed. 

MICROSCOPY AS AN AID IN CYANIDATION PROBLEMS 

The assistance that can be obtained from the microscope in 
solving ore-dressing problems has been increasingly appreciated 
in the past ten years, as attested by the frequency of papers on 
the subject. 

Observations by means of binocular microscopes with magnifi¬ 
cations up to 100 diameters and corresponding r(\solutions have 
long been common practice, and su(*h o])scrvations are a great 
help in working out methods for the satisfactory treatment of 
an ore. 

Further progress resulted in the use of nu'tallographic equip¬ 
ment and magnifi(^ations up to 500 diameters. How(‘V(‘r, it is 
only recently that full use has been made of metallographic 
microscopes with useful magnifications up to 1000 diameters 
wherein particles 0.5 micron in diameter or less are clearly 
resolved. Such work requires skillful preparation of the 
specimen before the full capacity of microscope can be made 
use of. 

The latter technique is of especial value in connection with 
cyanidation of gold and silver ores, because in certain ores some 
of the gold occurs as minute blebs or stringers in pyrite, the 
inclusions often being as fine as 1 micron in diameter. Two 
excellent examples of such occurrences published recently are 
(1) “Increasing Gold Recovery from Noranda\s Milling Ore,” 
by C. G. McLachlan, Trans. 112, A.I.M.E., 570, 1935; and (2) 
The Role of the Microscope in Ore Dressing^ American Cyanamid 
Company, 1935, pp. 12-14. 
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By permission of American Cyanamid Company the following 
illustrative example is quoted from the paper referred to above: 

Typical Problems—Example I. 

A sample of auriferous-pyrite concentrate assaying 4.75 oz. ton was 
submitted to our ore-dressing laboratory for the purpose of determining 
whether the gold could be extracted by means of straight cyanidation. 

Preliminary tests on this sample indicated that this material was very 
refractory. Subsequent tests, in which the raw concentrate was 
reground to —325 mesh and cyanided for a long period of time with a 



A R 

Fui. 3. PhotomicroKrapha ahowing tiny incluaiuua of gold (G) in pyrite (Py). 
Note that the gold (6^) ia in very minute white spc^cka, surrounded by a black 
urea which is gungue. 

A. Magiiificatiun 1000 X. Note in this large piece of pyrite there ia one piece 
of gold that ia less than 1 micron. In neither illustration is there gold as large 
as three microns in diameter. B. Magnification 1000 X. 

strong solution, failed to improve the extraction materially. The 
lowest cyanide residue contained 0.33 oz. per ton. At this stage in the 
investigation it was decided to submit a sample of the above residue to 
the microscopical laboratory for the purpose of determining the form 
and manner of association of the gold. Accordingly, samples of the 
-p325-mesh and —325-mesh residues were briquetted, polished, and 
examined with the metallograph at high magnification. . . . Figures 3A 
and 3B are photomicrographs of this residue at a magnification of 1000 
diameters. It will be noted that the gold occurs as metallic gold com¬ 
pletely encased in pyrite and that the size of the gold particles is about 
1 to 3 microns. 
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Inasmuch as —325 mesh is about the present e.^onomic limit for 
grinding, it was useless to proceed with further tests along the lines of 
finer grinding and cyanidation of the raw concentrate. Thus at an 
early stage in the investigation, the intelligent use of the microscope 
saved much useless work by narrowing down the lines of attack and 
pointing to a practical solution of the problem. In this case cither 
roasting prior to c 3 '^anidation or direct smelting of the concentrate was 
definitely indicated. 

For further information on the subject, the reader is referred 
to the latter paper which gives an excellent description of a 
modern microscopic laboratory for such ore-dressing investiga¬ 
tions, with practical examples, methods used and bibliography. 

A recent paper by R. E. Head' presented at the February, 
1936, meeting of the A.I.M. and M. Engineers, subject, “Physical 
Characteristics of Gold Lost in Tailings,'' indicates the possibili¬ 
ties of the microscope in the study of tailings losses. Th(‘ follow¬ 
ing is an extract: 


SuRFACK Contamination 

The experience gained by microscopic study of numerous gold ores 
and tailings has shown that there are pronounced differences in the 
physical characteristics of the minerals comi>osing them, more especially 
of the gold. Repeated studies of tailings from flotation and cyanidation 
of gold ores has established the fact that surface contaminations on gold 
particles are often directly responsible for high gold losses; comparison 
of gold particles isolated from flotation concentrates and the resulting 
tailings have showed that the clean gold has been recovered and the 
tarnished or contaminated gold invariably lost in the tailing. Obvi¬ 
ously, it is not possible to make such a comparison of gold ores treated 
by cyanidation, as the clean gold has been taken into solution; but when 
the gold found in cyanide tailing has a tarnished or coated surface, one 
may infer, with a reasonable degree of certainty, that the clean gold has 
been extracted. This premise is supported by experimental evidence 
obtained by isolating particles of tarnished gold and exposing them to 
cyanide solution in small parting cups. In one such experiment, tar¬ 
nished gold particles picked from a cyanide tailing showed but slight 
evidence of dissolving at the end of 27 days. In this test, a cyanide 
solution of 1.6 lb. per ton w'as used, and the leach solution was decanted 
and renewed every 24 hr. The proof of cyanide attack was manifested 

* Microscopist, Intermountain Experiment Station, U. S. Bureau of Mines, 
Salt Lake City, Utah. 
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by a noticeable thinning of the gold p&rticles at the edges. A rim of a 
substance that appeared to be gelatinous was visible at the edges of the 
gold particles, and there is reason to believe that this material encased 
the entire surface of the gold particles. It is not known whether the 
gelatinous film is of secondary origin, resulting from a reaction between 
the cyanide and some substance or substances adhering to the gold 
surfaces in the form of a coating, or is an original constituent of the 
surface contamination which has been made visible through the dissolv¬ 
ing of a small amount of gold at the margins of the particles. 


TESTING FOR ACIDITY OR ALKALINITY 

A(?idity or alkalinity determinations of water for and solutions 
used in plants treating gold and silver ores are of importance. 
Methods range from simple tests with litmus papers or phenol- 
phthalein solutions to pH determinations. 

pH Control. —pH determinations arc fairly simple and can 
be mad(j easily and accurately by a plant operator. Tlie pH 
scale may he likened to the Fahrenh(?it temperatunj scale on 
which freezing is 32 and values above and Ixdow rei)r(‘sent degr(*es 
of heat and cold, respectively; on the pH scale, the dividing or 
neutral line between acidity (low^ and alkalinity (high) is 7, 
the value of pure water. A pH value or hydrogen-ion concentra¬ 
tion is simply a number denoting the degree of acidity or alka¬ 
linity of a solution. For example, assume that a solution has a 
pH of 7.6, which means that it is slightly alkaline. If another 
has a pH of 8.2, it is more alkaline than the one of pH 7.0. 
Therefore, an acid as hydrochloric, or an acid salt as alum, must 
be added to the solution of pH 8.2 to bring it to a pH of 7.6, and 
larg(T quantities must be added to bring it to the neutral point of 
7.0 or to an acidity of pH 6.6 or 6.0. Similarly, if a solution has 
a pH of 6.0, it is acid, and it is necessary to add alkali, such as 
lime or soda ash, to bring it to the neutral point of pH 7.0. 
Larger quantities must be added to bring it to an alkalinity of 
pH 8.0 or 9.0. A solution that has a pH value of 5.0 is ten 
times as acid as one with a pH of 6.0, and one with a pH of 4.0 
is ten times as acid as one of pH 5.0. Thus pH 4.0 indicates 
an acidity one hundred times as great as pH 6.0 A similar 
relationship holds on the alkaline side of the scale—which 
means that a solution of a pH 9.0 is ten times as alkaline as one 
with a pH of 8.0. 
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The principle of making pH measurements is based on the 
fact that various indicators change in color when they are acted 
upon by solutions of different acidities or alkalinities. Litmus 
is red in an acid solution (pH 4.6) and blue in an alkaline solution 
(pH 8.4). Similarly, chlorophenol red has a yellow color at pH 
5.2 and a deep red color at pH 6.8; bromothymol blue is yellow 
at pH 6.0, greenish blue at pH 7.0 and deep blue at pH 7.6. 
Their color range is only 1.6 pH units, compared with 3.8 units 
for litmus, and therefore the former are much more distinct. 
Other indicators show pH values below and above the 5.2 and 
7.6 values mentioned—down to 0.2 and up to 13.6. It is possible 
by means of bromothymol blue to determine whether a water or 
solution being tested is neutral, acid or alkaline. Then it is only 
necessary to proceed with another test using the more acid or 
alkaline indicator as the sample may require. In this manner 
the proper indicator for the solution is found. 

Apparatus for the determination of pH is available from most 
(ihemical supply houses. 

Elutriation Tests.—Because of the mechanical difficulties 
in making grading tests on sieves finer than 325 mesh, some 
precise method is desirable where finer grinding is being done, 
as at Kirkland Lake and Beattie (gold) and at Noranda (copper, 
gold, silver). Trials made with the Nobel elutriator at the; latter 
place by C. G. McLachlan are described by him in Trans. 112, 
A.I.M.E., 1934. The w^ork was simplified by n*ason of sizing 
practically only oiu^ mineral—pyrite. At Noranda, they wen^ 
able to establish five size zones of constant range below 325 mesh 
with this elutriator. 

The Nobel elutriator (see Fig. 4) is a laboratory device for 
making particle-size classifications of mineral too finely ground 
to separate on any screen cloth. It accomplishes this classifica¬ 
tion by taking advantage of the settling rate of different-sized 
particles in vessels of varying capacity against a constant 
pressure head of w^ater. 

The apparatus, as described by McLachlan, consists of a set 
of four closed conical glass jars of increasing diameter, so con¬ 
nected that the overflow from the top of each jar forms the feed 
into the bottom of the next larger jar. The jars are supported 
in a water bath, in order to avoid temperature changes during 
the period of experimentation, since such changes affect the 
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viscosity of water and consequently the settling rate. The con¬ 
nections from the top of one jar to the bottom of the next larger 
one are made by copper tubes, at the high point of each of which 
is a riser tube of copper to allow the escape of entrapped air 
bubbles that might affect results and make them erratic. 

A constant-pressure tank provides for a controlled flow 
of water througli a series of jars and also supplies water at the 
same t(imperature to the water bath. The overflow from the 



Fig. 4.—Sketch of Nol)el elutriation apparatus; a, b, c, d —first, second, third 
and fourth elutriation jars; r, lar^e pan for fifth elutriation product; /, constant- 
head tank; (/, water supply; h, water bath; i, rubber connection; j, valve control; 
k, coi>per-pipe air vent from bends connecting jars; I, water-bath overflow to 
waste. 


final jar is collected in a long pan, sufficiently large to allow an 
ov^erflow of clear water if a flocculating agent, such as lime 
or zinc sulphate, is added to it. 

In operation, a sample of 150 grains is placed in a small bottle 
containing 300 cc of water and gram of powdered sodium 
silicate. The bottle is agitated for a half liour, when the pulp 
is transferred to jar a, the water inlet of which is connected by 
a rubber tube to the outlet of the constant-head tank. The valve 
of this tank must be gradually opened to a rate of 150 cc per min., 
and this flow is maintaim^d for 2 hr.; then the flow is increased 
to 250 cc for 22 hr. At the end of the 24-hr. period the content 
of each vessel is filtered, the residue is dried and weighed and the 
distribution of products is calculated. The method of particle 
sizing is either by making a count of the particles dispersed on a 
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slide or by direct measurement of reflected particles wliich have 
been imbedded and polished—^particularly the latter method. 

A typical size range for Nobel-elutriation series would be 
4, 43 ^^, 53 ^^, and in. in diameter. Other types of clutriators 
are Schultze and Schoene which have cylindrical portions at the 
center and are therefore preferred by some. 

TESTING FOR CYANIDATION 

Examination of Ore. —Before an ore is tested for its amenal)ility 
to the cyanide process it should be subjected to a preliminary 
examination in order that the experimenter may become familiar 
with its general physical and chtmiical charaetc'ristics. Knowl¬ 
edge so obtained will be of value in laying out tlu^ most ehective 
testing program and may point to special methods of attack 
should the ore not respond readily to simph', methods of cyjvniding. 

A representative sample is taken from the on* to bi* test(^d. 
The size of this sample will depend somewhat upon the amount 
of ore available, but it need not exceed 3^ to 1 lb. If the ore 
is in lumps coarser than 1 inch, examination may reveal the 
nature of the ore and gangue minerals, the degree of crystalliza¬ 
tion, the extent to which crushing may be required to lil)erate a 
portion of the ore minerals and other pertinent information. 
The sample is then ground to about 20 mesh, and a weighed 
amount panned. The concentrate from panning is roughly 
weighed and then examined under a low-pow(»r microscope. 
The amount and size of any elemental gold and silver are noted, 
and the nature and amount of any sulphid(is or heavy minerals 
are determined. Copper minerals and tellurides c^specially 
should be sought. A portion of the concentrate (or some of the 
crude ore) is given a rough qualitative chemical examination. 

From such a procedure, information as to the d(\sirability or 
necessity for any treatment such as amalgamation or concentra¬ 
tion (gravity or flotation) preceding cyaniding may be obtained. 
Also, there will be some indication as to the degree of grinding 
necessary. 

After being ground to a suitable size the ore is now sampled for 
assay. This size will depend upon several factors, such as the 
nature and amount of material available. It is essential that 
the assay sample be thoroughly representative, and the exact 
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procedure? must be adapted to the conditions prevailing. The 
amount of analytical work done will depend upon the extent of 
the testing work to be undertaken and will range from determina¬ 
tion of gold and silver only to a practically complete analysis. 

In connection with the analytical work it is generally advisable 
to make a qualitative test for water-soluble salts and if any be 
present to determine their nature. 

Sieve Analysis. —A sieve analysis of the ore will often supply 
information of considerable value. This may start at about 
20 mesh and include the range of sizes to and including 325 mesh. 
A portion of each sieve size should be examined under the* 
microscope and assayed for gold and silver. 

A samj)le should also be separated into a sand portion and a 
sliiiK? portion. A scries of such separations may be made, each 
starting with the ore crushed to a different degree of fineness. 
For example, a sample of ore might be crushed so that it all 
passes a 20-mesh sieve. The material is then separated by 
panning or by decanting under definite and controlk'd conditions 
into sand and slime fractions. Each fraction is weighed and 
assayed. Another sample of the ore might be ground to pass 
65 mesh, and a similar separation made of sand and slime. 
Yet another separation might he made on the ore ground to pass 
150 mesh. In this way the distribution of the precious metals 
(!an be determined under different degre(?s of grinding, and the 
possibilities for separate treatment of sand and slime thus 
indicated. 

As a rule, preliminary (cyanide tests are best made by agitation 
methods alone, and later the possibility of leaching a portion 
of the ore can be investigated. 

AGITATION TESTS 
Genkkal Methods 

Procedure. —The following procedure has been found satis¬ 
factory for carrying out cyanide tests by agitation. 

Winchester bottles of about 2.5- to 4-liter capacity are used. 
It is convenient to number the bottles and determine their 
tares, etching the figures on the bottle by means of hydrofluoric 
acid and then marking over the etching with a china- or glass¬ 
marking pencil. When a wet pulp such as the tailing from 
amalgamation or concentration tests is the material to be tested 
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by cyaniding, the weight of the pulp is obtained by weighing 
bottle and contents and subtracting the tare. When the test 
is finished, the solids are dried and weighed, and the amount of 
solution used may be determined. A weighed amount of ore 
is put into the bottle, and then a weighed amount of lime of 
known available lime content is added. Next is added a meas¬ 
ured amount of a cyanide solution of known strength. The 
bottle with the pulp is then agitated. 



Flu. 5. Shows a device used in the testing laboratory of The Dorr C^inipaiiy 
for making ]>ottle cyanide agitation iosts. This simple devicse can rotate as 
many as 40 bottles at one time. 

The agitating device (Fig. 5) consists essentially of a seri(?s 
of horizontal wooden rollers about 4‘ in. in diameter and 30 in. 
in length, encased in old tire tubes and mounted on bearings 
with their axes parallel. They are spaced at about 7-in. centers 
and rotate at 50 to 75 r.p.m. When a bottle (containing pulp is 
placed between two adjacent rollers it is caused to revolve, and 
the pulp is agitated. It is convenient to have a board set over 
the ends of the rolls and at a right angle to their axes with a notch 
midway between the centers of the rolls to engage the neck of 
the Winchester bottle. The notches are at such a height that 
the bottles are tilted, allowing them to be filled with more pulp 
than if they rested on their sides and with no danger of the pulp's 
splashing out. 
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Details of Testing. —Enough ore for the maximum probable 
number of tests is prepared by dry grinding so that it all passes a 
certain size, say 100 mesh. Samples for assay and screen 
analysis are taken. 

We shall assume that it is desired to determine the extraction 
obtained by treating a certain ore with a solution containing 
0.05 per cent sodium cyanide NaCN, and 0.025 per cent CaO 
(protective alkalinity), which means that the solution is to con¬ 
tain 1.0 lb. NaCN (free cyanide) and 0.5 lb. CaO (protective 
alkalinity) per ton of solution. The pulp is to be agitated at a 
dilution of 2.5 parts of solution to 1 part of ore for 24 hr. 

A 400-gram sample of this ore is weighed out and put into a 
bottle. (Four hundred grams is a convenient amount, although 
any amount from 100 grams to 10 kilograms may be taken, 
bottles of suitable size being used.) 

The next step is to add the lime. It will be assumed that 
preliminary tests or other information indicate? that the ore will 
require about 2.0 lb. CaO (100 per cent basis) per ton for neutrali¬ 
zation during the first hour of agitation. This means that 400 
grams will require 0.4 gram CaO. In addition to the lime for 
neutralization, enough lime will be needed to bring the solution 
to 0.025 per cent CaO. At a dilution of 2.5 to 1 there will be 
1000 cc (or ml) of solution which, at 0.025 per cent CaO, will 
require 0.25 gram. The total lime to be added then is 0.40 +0.25 
or 0.65 gram. The hydrated lime has been tested and found 
to contain 69.0 per cent available CaO; therefore, we shall add 
0.65/0.69 = 0.94 gram of hydrated lime. 

Water is added next, and the amount is determined as follows: 
400 grams of ore requires 1000 cc of solution for a dilution of 
2.5 to 1; 1000 cc of solution at 0.05 per cent NaCN contains 
0.5 gram NaCN, equivalent to 50 cc of the stock 1.0 per cent 
NaCN solution. Therefon?, add 950 cc water. 

The pulp is shaken in the bottle for a moment, and then 50 cc 
of the 1.0 per cent cyanide solution is added. 

Sometimes it is desirable to check the dilution, and this may 
be done readily by weighing bottle and contents if the tare of 
the bottle is known. 

The bottle is now placed on the rollers and agitated, the time 
being noted. At the end of a period varying from to 2 hr., 
depending upon the rapidity with which the cyanide or the lime 
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is consumed, the solution is titrated for free cyanide and protec¬ 
tive alkalinity. 

This is done by removing the bottle from the rollers and 
allowing the pulp to settle until some of the supernatant solution 
can be drawn off in a pipette. If the solution is clear enough, a 
10- or 25-cc sample may be cautiously drawn off in a pipette and 
titrated direct. If the solution is turbid, about 50 or 60 cc 
may be drawn off, using a 100-cc pipette. The solution is filtered 
through a dry filter into a clean, dry beaker, and a sample is 
taken for titration. 

Determinaiion of Free Cyanide ,—Standard silver nitrate 
solution is made by dissolving 4.33 grams silver nitrate AgNOs, in 
distilled water and making up to 1 liter. The jeaction between 
silver nitrate and sodium cyanide is represented by the following 
equation: 

AgNOa + 2NaCN = AgNaCCN). + MaNOa 

Thus, 169.9 grams AgNOa saturates 98 grams NaCN, or 
4.33 grams AgNOa saturates 2.5 grams NaCN. 

One cubic centim(?ter of the foregoing solution (= 0.00433 gram 
AgNOa) saturates 0.0025 gram NaCN. Therefore, if 25 cc mill 
solution be taken for titration, each cubic centimeter of silver 
nitrate solution required will equal 0.0025 gram NaCN or 0.01 
per cent NaCN. For example, a 25-cc samph? of cyanide solution 
is titrated, and it is found that 4.8 cc silver nitrate solution is 
used, the strength of tlie cyanide solution then is 0.048 per cent 
NaCN. Sometimes it is more conveiiic'iit to use a 10-cc sample 
for titration when strong solutions are used. In such cases 
the same silver nitrate solution is used, and the burette reading 
is multiplied by 2.5. 

The solution to be tested should be clear (filter if necessary). 
Twenty-five cubic centimeters is put into a (dc^an, transparent, 
125-cc Krlenmeyer flask. The solution should not be diluted. 
The silver nitrate solution is added until the end of the reaction 
is indicated by the first appearance of a bluish haze, dulling the 
original brilliancy of the solution. This point is best determined 
against a black background, and the operator should experiment 
with various conditions of light until he is able to obtain con¬ 
sistent readings and check himself and others within at least 
0.1 cc on the burette. A good setup is to place the burette 
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against a window with a good light (but not in the direct rays of 
the sun) so that the flask will be about level with the eye against 
a black background. 

Determination of Protective Alkalinity ,—Protective alkalinity 
is usually defined as the alkaline hydrates and half the mono¬ 
carbonates." The effect is to protect the cyanide from decom¬ 
position by acid constituents of the ore and by carbon dioxide 
in the atmosphere. 

Either oxalic acid or a mineral acid may be used as a standard. 
If oxalic acid be used, the reaction is 

CaO + H 2 C 204 - 2 H 20 = CaC 204 + SHaO 

Thus, 126 grams H 2 C 204 * 2 H 20 saturates 56 grams CaO, or 5.62 
grams H 2 C 204 - 2 H 20 saturates 2.5 grams CaO. Therefore, if a 
solution containing 5.62 grams H 2 C 204 * 2 H 20 per liter is made 
up, 1 cc of the solution ( = 0.00562 gram oxalic acid) will saturate 
0.0025 gram CaO. If 25 cc of mill solution be taken for titration, 
each cubic centimeter of acid required will (‘qual 0.0025 gram CaO 
or 0.01 per cent CaO. For example, a 25-cc sample of solution is 
titrated, and it is found that 3.6 cc standard acid is used. The 
protective alkalinity of the solution then is equivalent to 0.036 
I)er cent CaO. 

An oxalic acid solution containing 5.62 grains HoC 204 - 2 H 20 per 
liter has a normality of 0.0892. A mineral acid such as H 2 SO .1 
or HNO3 of the same normality will serve equally w(dl. The acid 
used should be standardized again-st a standard alkali. 

A normal solution is one of whi(ih one liter contains a quantity 
of the substance, expressc^l in grams, equivalent to one gram 
hydrogen. When the solution is to be made of a salt that 
contains water of crystallization, the weight of such water must 
be taken into consideration. As in the case of oxalic acid: 

H2C2O4 + 2H2O 

The total atomic weight, including the water, is 126. There¬ 
fore, H 2 = 126, and H = 63 = grams of the salt to be added 
to one liter of water to make a normal solution. A decinormal 
solution contains one-tenth of this amount, or 6.3 grams per 
liter. 

Phcnolphthalein (1 gram phenolphthalcin in 50 cc alcohol, 
dilute to 100 cc with water) is used as the indicator, as it gives 
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a value for monocarbonates corresponding with the definition 
of protective alkalinity already given. 

The determination (Clenneirs method) is made on the same 
portion of solution used for the free cyanide test as outlined. 
After the required amount of silver nitrate has been added for the 
determination of free cyanide, a drop or two of the plienol- 
phthalein indicator is added. If the solution be alkaline, a pink 
color results. The standard acid is then run in until tlie pink 
color disappears, and the burette reading is not(*d. 

Determination of Consumption of Cyanide ami Lime. .The 

following notes of a typical test will illustrate the method of 
calculating the consumption of cyanide and liine: 


Ore- - 400 Rrauis. 

Lime added - 0.94 gram hydrated lime = 0.05 gram CaO. 

Solution—1000 cc (950 ee H 2 O, 50 ee 1.0 pcT rent NaCN solution). 

Solution strength to be maintained at about 0.05 pei- eent NaCN and 
0.025 per cent CaO. 

9:00 A.M. —start 

10:00 A.M. —25 ee taken out for titration, giving 0.042 per cent NaCN, 
0.022 per cent CaO. 

The solution is now brouglit back to a volume of 1000 cc having a strength 
of 0.05 per cent NaCN and 0.025 per cent CaO. 

975 cc at 0.042 p<’.r cent NaCN ~ 0.41 gram NaCN; 1000 cc. of solution 
should contain 0.50 gram NaCN; therefore, add 0.09 gram NaCN or 9 cc 
1 per cent NaCN solution and 10 cc II-/). 

975 cc at 0.022 per cent CaO = 0.21 gram CaO; 1000 cc of solution 
should contain 0.25 gram; therefore, add 0.04 gram 100 per cent CaO or 
0.04/0.09 = 0.058 gram hydrated lime. 

1:00 P.M. —25 cc tak(*n out for titration, giving 0.048 per cent N:iCN and 
0.02 per cent CaO. 

The cyanide strength i.s close enough to that de.sired .so that no (correction 
is nocos.sary. The protective alkalinity, how(wer, is lower than d(>8ired and 
is raised as follows: 

975 cc at 0.02 per cent CaO = 0.195 gram CaO. This amount sub¬ 
tracted from 0.250 gram (1000 cc at 0.025 per c(jnt) = 0.055 gram; therefore, 
0.055/0.69 or 0.08 gram hydrated lime is rtiquired. As the pulp may be 
expected to continue to consume lime for the next few hoiins, a slight excess 
over the theoretical amount may be added, say a total of 0.10 gram. Then. 
25 cc of water is added to bring the volume of solution back to 1000 cc. 

9:00 P.M. —25 cc taken out for titration, giving 0.045 per cent NaCN 
and 0.023 per cent CaO. 

To bring the solution to the desired strength there are required 


0.50 — 975 X 0.00045 = 0.06 gram NaCN 
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and 0.25 — 975 X 0.00023 = 0.026 gram CaO. As the pulp is now to be 
left to agitate overnight without further attention, add slightly more than 
these amounts to take care of consumption, say 0.08 gram NaCN or 8 .cc 
1.0 per cent solution and 0.05 gram hydrated lime. Also add 25 minus 
8 or 17 cc water to bring the solution volume to 1000 cc. 

9:00 A.M. —finish of 24-hr. agitation. The solution titrates 0.049 per cent 
NaCN and 0.023 per cent CaO. 

Results may be calculated as follows: 

NaCN In NaCN Out 

50.0 cc 1% solution 25 cc at 0.042% NaCN = 0.01050 gram NaCN 

9.0 cc 1% solution 25 cc at 0.048% NaCN = 0.01200 gram NaCN 

8.0 cc 1% solution 25 cc at 0.045% NaCN = 0.01125 gram NaCN 

- 1000 cc at 0.049% NaCN == 0.49000 gram NaCN 

67.0 cc 1 % solution - 

or 0.52375 gram NaCN 

0.67 gram NaCN 

0.67 — 0.524 = 0.146 gram NaCN consumed by 400 grams ore. This is 
equivalent to 0.146 X 5 = 0.73 lb. 100 per cent NaCN per ton ore. 

CaO In CaO Out 

0.940 gram hydrat(5d lime 25 cc at 0.022 % CaO = 0.00550 gram CaO 

0.058 gram hydrated lime 25 cc at 0.020% CaO — 0.00500 gram CaO 

0.100 gram hydrated lime 25 cc at 0.023% CaO — 0.00575 gram CaO 

0.050 gram hydrated lime 1000 cc at 0.023% CaO — 0.23000 gram CaO 

1.148 0.24625 

or 1.148 X 0.69 = 0.792 gram CaO 

0.792 — 0.246 = 0.546 = gram CaO consumed by 400 grams ore. This 
is equivalent to 0.546 X 5 = 2.73 lb. of 100 per cent CaO per ton of ore. 

It may not be necessary or particularly informing to carry 
out tests to such a detailed degree as that shown. Each experi¬ 
menter may determine for himself the extent to which it is 
desirable to correct solution strength and dilution during 
testing. 

Rather than maintaiji the solution strength at approximately 
a predetermined figure, some experimenters prefer the more 
simple method of not making corrections of the solution during 
the period of agitation, starting with a solution high enough in 
cyanide and lime so that at the end of the period the solution 
is considered to be adequate. Such a procedure, however, is 
open to objection on the ground that the solution may be too 
strong at the beginning and too weak at the end, and these 
conditions may lead to erroneous deductions. 
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Series Testing. —After a preliminary test has indicated the 
consumption of cyanide and lime, several series of tests may be 
outlined in which the effect of changing one variable is deter¬ 
mined. These variables may be: cyanide strength; protective 
alkalinity; fineness of grinding; time of agitation; dilution; 
addition agents (lead or mercury salts, bromocyanido and 
others). 

Each scries should embrace 4 to 6 deg. of the variable or as 
many as may be believed to be desirable. Finally, several 
tests may be made using various combinations of the best condi¬ 
tions as determined by the series tests. 

Addition Agents .—With certain ores it may be found that the 
addition of a small amount of a lead or mercury compound is 
beneficial, either in purifying the solutions or in increasing the 
extraction or both. Lead in the form of litharge, as the nitrate 
or as the acetate, and mercury as the metal or oxide, may be 
used. Mercury is now seldom uscid. 

It is always worth while to make parallel tests with and 
without one of these agents. One-half to 1 gram of litharge or 
4 or 5 grains of mercury added to 400 to 1000 grams of ore is 
ample. In practice?, probably less than } 4 lb. of litharge per ton 
of ore is generally enough. As the effect of litharge may vary 
greatly with tlie amount used, it is of great importance to deter¬ 
mine accurately the critical amount to use. 

Sometimes it is desired to determine the (effect of bromocyanide 
on certain gold or(?s, x)articularly tiiose containing tellurides. 
As bromocyanide is an unstable compound, it must l)e freshly 
prepared before use; and as it and its vapors are extremely 
poisonous, due care should be used in its pn'paration and use. 
When bromocyanide is being used the protective? alkalinity should 
be kept at the lowest possible point. In this connection a parallel 
test of the same low alkalinity but without the bromocyanide 
should be made to make sure whether possible improved results 
should be ascribed to bromocyanide or to low alkalinity. • The 
reason for maintaining a low alkalinity when bromocyanide is 
used is because BrCN is rapidly decomposed by alkali. The 
reaction is usually illustrated thus: 

BrCN + 2 KOH = KBr + KCNO = H 2 O 
In his Manual of Cyanidation, E. M. Hamilton says this: 
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The UBuaJ method of making the reagent for laboratory use is to add 
a strong solution of cyanide to bromine (and not conversely) until the 
brown color is just discharged: 

KCN 4- Br. - KBr + BrCN 

The quantity of BrCN may be determined in a working cyanide solu¬ 
tion by acidifying with hydrochloric acid, adding an excess of potassium 
iodide and titrating the liberated iodine with decinormal sodium thio¬ 
sulphate. J. E. Clennell in his Chemistry of Cyanide Solutions^ 2d ed., 
gives the following reactions: 

Hrt’N + llCl = HCN + ClBr 
ClBr -f- 2KI - KCl -f KBr -f I, 

1 cc 0.1 iV thiosul])hate = 0.00r)29 gram BrCN 

The BrCN is added to the cyanide solution to be used for extraction 
purposes in tlie proportion of about I BrCN by weight to 4 of KCN. 

Change of Solution ,—It is often of interest to determine the 
effect of a change of solution upon the extraction (rate and 
amount) and the ('heinical consumption. The procedure of 
effecting su(di a change will depend primarily upon the dilution 
of pulp during agitation and the dilution to which the pulp will 
settle after standing a short time. It is ])referable to rtunove 
the! solution by decantation rather than by filtration. 

Precise manii)ulat"on is necessary in effecting a change of 
solution. Deductions as to the effect of this ]>ro(*edure should 
be made with caution, the i)racticability of reproducing the (»ffect 
in plant operation being kept in mind. 

Grinding in Solution .—The small samples available for labora¬ 
tory experimcuits cannot be exjjccted to reproduce exactly 
conditions that will exist in large-scale milling practice. Actual 
size reduction of the ore can be duplicated, of course, but closed- 
circuit grinding with a high circulating load would be very 
difficult to reproduce on a laboratory scale. Particularly is 
this true when grinding in cyanide solutions is to be practiced. 

This is not to say that grinding in cyanide solutions should 
not be performed in the laboratory. On the contrary, such 
grinding is likely to add considerably to the knowledge accumu¬ 
lated in testing, and it should be done. But the data thus 
gathered should be w^eighed with mental reservations and 
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regarded as subject to some variation. As a matter of fact, 
laboratory grinding in solution is standard practice at some 
testing plants, and the information gathered is regarded as 
valuable. 

Perhaps the nearest approach to solution grinding in the 
laboratory is to grind in water, classify to desired sizes and 
settle. Then cyanide solution and lime are added to make up 
a solution of the desired strength. This pulp may be then 
agitated for a time, to 1 hr., to check the api)roximate dis¬ 
solution in the mill-classification circuit. After this the pulp 
may be thickened to the dilution at which the agitation and aera¬ 
tion are to take place. 

Cyclic Use of Solution .—After preliminaiy hatch tests havt» 
indicated the ()})timum conditions such as fineness of grind, 
dilution, strength of solution and time of agitation, tests should 
1)0 made in which cyclic i»perations of agitation, thick(*ning, 
decantation, washing and precipitation are carricui out. Th(^ 
important point henj is the reuse of the solution. It may be 
found that fouling of the solution takes place and its efficacy 
diminishes to a greater or lesser degree. If such be the case, it 
is essential that some method of reactivating or purifying tlni 
solution be determined to avoid the necessity of discarding too 
large an amount. 

Preparatory Processes Followed by Cyanidation of One or 
More Products. —The most succe.ssful treatin(*nt proc(\ss is th(^ 
one that yields the greatest net profits. As the complexity of a 
treatment increases, so also does the number of factors to be 
considered before arriving at a decision as to the methods best 
adapted to the ore under examination. 

The following operations may prc^cede cyanidation: 

1. Amalgamation. Amalgam converted to bullion: tailing eyanided. 

2. Corduroy or blanket strakes. Concentrate amalgamated; tailing 
eyanided. 

3. Gravity concentration. Concentrato may be 

а. Smelted. 

б. Amalgamated vnih or without cyanidation of tailing. 

c. Cyanided, raw or roasted; tailing eyanided. 

4. Roasting. Calcine cyanided direct or after amalgamation or concen¬ 
tration on blanket or corduroy strakes. 

5. Acid wash to remove soluble harmful constituents such as ferrous iron 
and copper compounds. 
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6. Aeration with Imie solution. 

7. Flotation. Concentration treated as in 3; tailing cyanided or dis- 
(•.arded. 

Laboratory testing of the foregoing operations may be eon- 
(lueted as follows: 

1. Amalgamation .—Several lots of the ore are prepared 
by grinding to such different sizes as may seem desirable. A 
200-gram sample of ore is put into a bottle with 100 cc water, 
1 gram NaOH and 30 to 50 grams mercury. The bottles are 
placed on rollers and revolved for 1 to 2 hr. The pulp is then 
panned, and the mercury separated. A small amount of sodium 
amalgam will be found useful in causing all of the mercury 
globules to coalesce. The tailings are dried and assayed. The 
mercury is dissolved in nitric acid, and any remaining gold 
washed, dried, and wrapped in lead foil with enough silver for 
parting, and then cupeled. 

Sodium amalgam may be prepared by forcing small shavings 
of metallic sodium beiK^ath the surface of mercury. Care should 
be taken to see that the mercury is dry. As the reaction is rather 
violent, due ])recautions should be taken in making the amalgam. 

Amalgamation tests may also be made in a grinding pan 
or an iron mortar, particailarly when the ore contains much 
silver. Copper sulphate and salt may be added to the pulp. 
The ore may first be given a ehloridizing roast. 

2. Corduroy or Blanket Strokes .—In testing the use of blankets 

or corduroy the pulp is w<'t ground to various sizes, and the pulp 
at a dilution of about 4 or 5 to 1 is passed over the strake set at 
an inclination of al)Out 1* 2 in. per ft. Whenever possible, 

the strake should l)e not less than 10 to 12 ft. long; the width is 
not so iiniH)rtant. If for any reason it is not possible to use such 
a length, or if the amount of ore is limited, some idea of the 
effect of the strakes may be obtained by repeatedly passing the 
pulp over a short strake. 

The tailings are collected, weighed, and assayed. The blankets 
are washed, and th(* concentrate collected. To make a complete 
recovery of the concentrate, the blanket after being carefully 
washed should be burned, and the ash added to the bulk of the 
concentrate. 

3. Gravity Concentration .—If enough ore is available, a labora¬ 
tory Wilfley table may be used. For small lots of ore a gold 
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pan is convenient and gives excellent results. Sufficient (con¬ 
centrate should be prepared so that the various methods of 
its treatment as already noted may be tried. 

In handling concentrate the experimenter should be })articu- 
larly careful to avoid losing any fine free gold. 

Both concentrate and tailing maybe tested witli and without re¬ 
grinding. The concentrate should be dried at low temperatures, 
weighed and assayed and calculation made as to the ratio of 
concentration. 

4. Roasting .—In the laboratory, roasting exi)eriments may 
be carried on by using fire-clay roasting dishes or heav}'^ sh(‘et- 
iron pans, prefcirably in an electrically heated muffle. The 
charges, period and temperature should be carefully notx'd. 
Modern methods of temperatun* control liave made possibhc 
greatly improved results in this field. 

If the ore contains much arsenic, the amount should be 
determined before and after roasting. If it is desired to reduce 
the arsenic to an extn^mc'ly low amount, the calcine is reroasted 
with charcoal. The (.‘alcine may be passcnl over blanket or (cordu¬ 
roy strakes and tlum cyanidc^d after removing soluble acidic salts 
or neutralizing them with lime. 

5. Washes .—Some ores (contain soluble iron or copp(cr com¬ 
pounds which cause a high consumption of cyanide. A wash of 
dilute sulphuric acid or sulphurous a(;id may remove thccso 
compounds to permit of economical treatment of th(‘ ore by 
cyanidation. While acid pretncatment has Ixcen us(cd in a few 
cases, most careful investigation should be made befonc adopting 
it. 

6. Aeration .—On some n^fractory on^s and comccmtrates a 
preliminary intense aeration in a strong lime solution before the 
addition of cyanide has been found beneficial. The maximum 
solubility of lime, CaO, in the ordinary cyanide mill solution 
is about 2.5 lb. per ton of solution. However, as much as 50 to 
100 lb. of lime per ton of ore may be. used, depending upon dilu¬ 
tion and chemical consumption. 

7. Flotation .—Flotation testing of ores containing precious 
metals may be either for the purpose of determining the applica¬ 
bility of the process to an ore under investigation or to determine 
the possibilities of improving the work of an operating flotation 
plant. 
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In the latt(T case the work is best done at the mill itself, samples 
taken directly from various points of the mill stream being used 
for comparison. In this way it is possible to obtain a pulp that 
has been ground under operating conditions as w'ell as to use the 
mill water, which may be of great importance. 

When the tests are made to evaluate the application of the 
process to an ore, the work may of course be done anywhere. 
How('ver, it should be made certain that the ore used for experi¬ 
mentation is thoroughly representative of that which is to be 
milked. Furthermore, if possible, a sample of the water to be 
used ill the mill should be obtained, and its effects noted. 

Oiu* point that should always be kept in mind is the determina¬ 
tion of the proper place flotation may fill in securing the maximum 
iH^t jirofit from the ore. On some ores an all-flotation treatment 
might be indicated; usually, howevi^r, better results may be 
obtained by combining flotation—^if it be used at all—with 
other methods such as amalgamation, concentration or cyanida- 
tion. Again, if all flotation seems to hi) best, the possibility 
of s(^j)arate treatnuaits of different frati ions of the pulp should 
be, considered. For examiile, th(‘ so-called primary slime 
might advantagc'ously be separated and floated in a separate 
circuit. 

Naturally, suiii points cannot be d(i,ermined in advance; 
but if the operator will keep them in mind as the w ork progresses, 
he will l)e enabled to obtain a better pers[)ective of the basil* 
problem, which is to produce the maximum profit from the 
operation as a whole, and determine the proper balance between 
extraction and cost. 

The first testing should be confined to an all-flotation method 
.so that the experimenter may become familiar with the ore. 
Careful observation, coupled with experience in testing, will 
enable the operator to interpret the various phenomena. 

It is desirable that he shall have had practical operating 
experience so that he may know' the limitations of each step 
under consideration. Fortunately, it is generally true that if 
the laboratory procedure follow\s sound operating practice, the 
flotation-mill results will equal or surpass those attained in the 
laboratory. 

The simplest flotation testing results w'hen a single mineral 
or concentrate is desired. This is usually the case in copper 
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ores when the copper occurs as one or more of the sulphide 
minerals. Such ores generally contain more or less pyrite. If 
the pyrite be present in such an amount that it would affect the 
grade of the concentrate, then differential methods of flotation 
are employed whereby the copper metals are caused to float and 
the pyrite is prevented from floating. 

Differential methods are also used in separating two or throe 
minerals such as galena and sphalerite or galena, sphalerite and 
pyrite. When making differential separations it is important 
to know the degree with which one mineral may be intergrown 
or locked with another. This is determined by microscopic 
examination and chemical analysis. 

The distribution of the precious metals or their association 
with different base metals should be determined, as this lias an 
important bearing upon the net value of the concentrate pro- 
duccnl. For exaniiilt?, gold or silver associated vvith a lead con- 
(rentrat(^ yields a gr(?at(?r net return than an equivalent amount 
in a zinc conc(*ntrate. 

Within limits, the type of laboratory cell used is not a matter 
of great importan(;e so far as obtaining indicative results is 
concerned. That this is so is shown by the fact that different 
operators using different types of laboratory machines with which 
each has become familiar will arrive jit practically the same 
procedure. The important thing is to obtain a machine which 
is mechanically reliable, easy to clean and which permits quick 
work. 

The amount of material taken for a t(\st will be governed by 
the amount of ore available, size of machine, amount of floatable 
material in the ore and various other fac^tors. If the amount 
taken for a test be too small, any errors or eff(‘(*ts of manipulation 
are unduly magnified. On the other hand, if the amount be 
too large, each test may consume too much time—not so much 
the actual flotation itself but the grinding or other preparation 
of the pulp and the drying and sampling of the products. Prob¬ 
ably 600 to 1000 grams is the best all-round hizo of charge. If 
possible, however, several different sizes of machines should 
be available so that charges of 50 to 2500 grams may be used if 
desirable. 

Where differential separations are made or several cleaning 
operations seem called for, the amount of pulp taken should be 
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sufiSciently large to allow the various operations to be made and 
to ensure resultant products large enough for assay. 

Broadly speaking, the reagents used in flotation may be divided 
into three classes. Various writers on flotation extend the 
division, and the nomenclature differs somewhat. However, 
the three following classes are generally recognized and accepted 
by flotation operators without confusion: 

1. Conditioning agents. These include such compounds 
as lime, soda ash, sodium silicate, sodium sulphide, sodium 
cyanide, sodium sulphate, sodium bichromate, copper sulphate 
and zinc sulphate, which are in general use. There are others 
less frequently used. 

2. Promoters or collectors. Under this heading are found 
the various xanthates, dithiophosphates (aerofloat), thio- 
carbanilid and others classed as chemical promoters and also 
certain oils and tars. 

3. Frothers. This class embraces such compounds as the 
various pine oils, cresols, alcohols and other petroleum and 
coal- or wood-tar derivations. 

It is not within the scope of this chapter to enter into a detailed 
discussion of the effects and use of the many reagents used in 
flotation. It is assumed that either the experimenter is suffi¬ 
ciently familiar with the characteristics of the various reagents 
to make his own selection or else he knows little or nothing about 
them. In the latter case he can learn more by observation than 
in any other way. To such an one the suggestion is made that he 
obtain from the manufacturers or distributors of reagents data 
concerning their use. Then he should consult various books 
and publications in which details of flotation-plant practice are 
described. 

The U. S. Bureau of Mines, in cooperation with various mining 
companies, has issued a number of technical papers covering in 
great detail tlu? flotation operations at most of the important 
milling plants in the United States. Publications of the various 
mining and metallurgical societies and technical journals con¬ 
tain many valuable articles. Manufacturers^ catalogues also 
are well worth study. 

The amount of reagents used may be determined either by 
weight (dry reagent) or by volume (definite-strength solution). 
Lime is prepared as described under the sections on cyanide 
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testing. Soda ash may be used either dry or in solution. If 
dry, it should be thoroughly dried to constant weight and kept in 
a stoppered bottle. The moisture content should be checked 
occasionally, as soda ash may absorb 15 to 18 per cent water and 
still appear quite dry. 

Water-soluble salts such as zint and copper sulphates and 
sodium cyanide should be used as solutions of definite strength— 
1, 5 or 10 per cent—and measured by pipettes. Xanthates are 
best used as 1 per cent solutions and freshly prepared each day 
as needed. 

Oils are measured as drops from calibrated pipettes or m(‘di(tine 
droppers. A dropper is used for each oil and is calibrat(?d by 
weighing 100 drops. It is convenient with some oils—particu¬ 
larly steam-distilled pipe oil—to have several droppers delivering 
different-size drops. This can be done by drawing out the tip 
of the dropper to a capillary and then breaking it off to obtain 
a small orifice. In this way it is possible to obtain a variation 
of 50 to 250 drops of pine oil per gram. 

The determination of the pH value of the water of the pulp 
should always be made for reference, and the effects of changing 
the pH noted. A good procedure is to take a sample of the dry 
crushed ore and grind it with distilh'd water in a porcelain jar 
mill with flint pebbles. The pulp is filtered, and the pH value of 
the filtrate determined. At the same time the water is examined 
in more or less detail for soluble salts. 

There are many pH sets available, varying from simple color- 
chart comparators to elaborate potentiometers, and each experi¬ 
menter may determine for himself which best serves his purpose. 

In order to obtain an idea of the grade of concentrate as well 
as the recovery that may be obtainable in practice, the following 
tests may be made: 

Consider the simplest case where a one-mineral concentrate is 
desired. After a few preliminary tests so that the operator has a 
fairly comprehensive idea of such factors as degree of grinding, 
pH, reagents and other pertinent data, two tests are made. In 
the first one such conditioning reagents as may be required are 
added, and then three or four successive froths are removed and 
kept separate, staged additions of promoters and frothers being 
used. The several froths and the tailing are dried, weighed and 
assayed, and the distribution of the valuable mineral determined. 
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All products should be examined under the microscope to obtain 
an idea of the nature and amount of any locked or true middling 
grains. 

A comparative test is then made under the same conditions, 
but only one frotK is made, the same kinds and amounts of 
reagents being used as before. After the tailing has been dis¬ 
charged from the cell and the cell cleaned, the froth is returned 
and refloated. Further addition of reagents to this cleaning 
operation may or may not be made; only the judgment and 
experience of the operator can determine. This operation of 
cleaning the froth may be repeated as often as deemed neces¬ 
sary. All products are finally dried, weighed, assayed and 
examined as before. 

The information so obtained may then be studied for the pur¬ 
pose of arriving at an idea of a possible flow-sheet, and the 
advantages and disadvantages of the various types of circuits 
may be determined. However, all such deductions should be 
made with caution and regarded only as indicative of what to 
expect in plant practice. 

The most important phase of the entire testing procedure is 
the examination of the several products made, and this phase 
should receive the attention commensurate with its importance. 
The first thing to do is to make as complete chemical analysis of 
each product as the limitations of time and expense and the 
requirements of the information sought will permit. Probably 
next in value is a screen analysis of each product with chemical 
analysis of each screen size. Finally, the various screen products 
should bo carefully examined under a microscope. 

As flotation tests jirogress, the operator will obtain an idea of 
the nature of the results being obtaimrd by visual examination 
both of the froth and of the tailing. This is best done by vanning 
samples on a white enameled vanning plaque. The plaque is 
then placed under a microscope, and the product examined. 

The froth sample is readily obtained by scraping it on to the 
plaque. The tailing or pulp sample may be drawn from the 
cell by means of a glass tube about ^ in. in diameter and 12 to 
15 in. long, the ends of which have been closed sufficiently to 
hold the pulp after the operator has sucked it into the tube. 

Complete notes on every test are essential. They are best 
kept in a bound notebook (an 8- by 11-in. niled composition*’ 
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book is excellent) with pencil (ink is almost sure to blot, and the 
notes become illegible, as the experimenter’s hands will probably 
be wet). The first thing to enter is the date of each test. Full 
details are noted covering all pertinent factors such as method of 
grinding, size of grind, dilution of pulp, temperature, pH, kind 
and amount of reagents used and time of frothing. 

The operator should also record in detail observations such lus 
the character of the froth, the effect of each addition of reagents 
and other phenomena. Nothing is too unimportant to be noted, 
so that months after a test has been made the original experi¬ 
menter or another may repeat the test and obtain substantially 
the same results; by reading the notes he may obtain an accurat(‘ 
and comprehensive pi(^turc of just what happened. 

After the tests have betui completed and a formal report is 
written, all pertinent data may be abstracted ai’rl assembled 
ill a form desigiu'd to convey readily and accurately to the ix'adcr 
the necessary information. 

With some ores the removal of the sliriK^ portion before 
flotation is extremely beneficial. Then^fon^, should an ore be 
encountered that seems to be difficult to float by usual nn^thods, 
the effect of removing the slimy portion ahead of flotation should 
be investigated. Practically, slime may be considered as that 
portion of the pulp finer than aliout 50 microns. 

In practice the slime is usually removed by means of a Dorr 
bowl classifier or a Dorr hydroseparator. Sometimes a ‘‘mud” 
or a “talc” froth may first be removed by flotation. Such froth 
will contain the greater part of the deleterious components with a 
negligible amount of valuable mineral. The tailing from this 
operation will then generally respond to usual mc^thods of 
flotation. 

The removal of slime from a pulp oftcui mark(‘dly improves 
differential separations, although the results may not economic¬ 
ally justify the added step. Caution should be used in recom¬ 
mending this procedure. 

After the laboratory work has revealed methods by which it is 
believed that the ore may be successfully treated by flotation, 
the work should be reviewed in the light of the relationship of 
flotation to other phases of the entire milling process. 

A number of such other phases might be involved. For 
example, there are grinding, classifying, concentration (tables 
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or blankets and other gold-saving devices), thickening and 
filtering. In the case of ores containing gold or silver it may be 
found that a combination of flotation and cyaniding may yield 
a greater net return than either one alone. The effect of the 
various reagents on classifying, thickening and filtering should be 
investigated, particularly if it is desired to recover the water for 
reuse. 

The equipment of a flotation laboratory may range from 
extremely simple to quite elaborate. The minimum require¬ 
ments include some means of wet grinding and a flotation cell. 
More complete equipment may include various types of dry- 
grinding machines, wet-grinding units employing steel rods, 
steel balls and flint pebbles, several types and sizes of flotation 
cells, testing sieves, microscope, air compressor and vacuum 
pump. 

The arrangement of the laboratory should be carefully (?on- 
sidenul so that th(ire will bo no lost motion in conducting a test. 
If possible, all wet work should be done on a table or bench 
covered with shec^t zinc and sloping to a drain, so that any spills 
may be cleaned up readily. 

Consumption of Flotation Reagents .—The following information 
concerning reagents and quantities commonly used in the 
flotation of gold ores of no i)articular refractoriness is furnished 
by the American Cyaiiamid Company. 


Pounds per Ton 

Addition afi^ents: 

Soda ash. 0.50 to 3.0 

Sodium silieat e. 0.50 to 2.0 

Activating agents; 

Copper sulphate. 0.10 to 1.5 

ProniotcTs: 

Aerofloat 15. 0.05 to 0.16 

Aerofloat 25. 0.05 to 0.15 

Aerofloat 31. 0.05 to 0.15 

ll('agent 208. 0.05 to 0.15 

R(.*agent 301. 0.05 to 0.16 

Potassium amyl xanthate.0.05 to 0.15 

Thiocarbanilid. 0.05 to 0.15 

Frothers and froth stabilizers; 

Pine oil. 0.025 to 0.10 

Cresylic acid. 0.05to0.15 

Coal-tar creosotes. 0.10 to 0.25 

Pine-tar oil. 0.05 to 0.15 
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Filter Tests and Calculation. —The following table illustrates 
the technique of laboratory filter tests and the deductions gained 
therefrom. The conditions were: An ore pulp of 42 per cent 
moisture content, filtered on a leaf of 0.5 sq. ft. capacity at room 
temperature. The objective was a reasonably dry cake with 
maximum capacity and a filter to handle 100 tons of dry solids 
I)er day. 


Results of Labokatouy Tests 


Conditions 

Ti^st 

1 

2 

3 

4 

Cloth used. 


Twill 2G 


Feed volume, cubic ctmtiinctors. 

1000 

650 

500 

400 

Cake forming, mixtures. 

2M 

1 

H 


Vacuum, inches. 

25 

25 

25 

25 

Cake drying, minutes. 

2H 

1 

H 


Vacuum, inches. 

18 

20 

23 

25 

Cake qiialitj^. 

O 

p 

1 

Slightly 

Slightly 

Good 



cracked 

cracked 


Cake thickness, inches. 

'i 

H 

}i 

H 

Cake removal. 


Satisfactory 


Weight of wet cake, grains. 

ins 

725 

560 

458 

Moisture content, per cent. 

21 

22 

23 

23 

Weight of drv cake, grams. 

880 

566 

423 

357 

Total cycle, minutes. 


3 

2 

VA 

Capacity, pounds per square foot per 





24 hr. 

828 

1200 

1370 

1520 


The results of tests 2 and 3 were sel(*cted and, a 40 per cent 
safety factor being allowed,^ a filter area of 220 sq. ft. for 100 tons 
per day was recommended. 

Settling-test Procedure. —The principh^s of s(»ttling-test pro¬ 
cedure and the application of formulas to determine sizes of con¬ 
tinuous thickeners are relatively simple and are briefly described 
below. However, detailed manipulations under specific problems 
and the application of test results to sucjcessful milling practice 
call for experienced interpretation. 

* The factor of safety to apply to any individual test is a matter of judg¬ 
ment based on experience and will vary considerably. 
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The following formula expresses the relationship between the 
settling rates of pulp at various dilutions, in terms of thickener 
area required: 

L333 (F - D) 

R X sp. gr. 

where A = square feet per ton of dry solids per 24 hr. 

R = settling rate in feet per hour of a feed with F dilution, 
sp. gr. = specific gravity of liquid. 

F = weight ratio of liquid to solids for the rate R, 

D = weight ratio of liquids to solids in discharge. 

The zone requiring the greatest unit area is found by applying 
this formula to pulp of different densities, ranging in dilution 
from feed to discharge density. It is this zone that determines 
the area that must be provided for the pulp being tested. 

Thickening Capacity. —The following formula is used to deter¬ 
mine the volume provided in a tank in the thickening zone. 
Such volume depends directly upon the period of detention 
required for the sludge to reach the desired density: 

4n(7-sp.gr.) 

~ ZG{S ~sp. gr.) 

where V = volume in cubic feet required for thickening per ton 
of solids per 24 hr. 

S = average specific gravity of thickened pub) during 
compresvsion p(?riod. 

Sp. gr. = average si)ecific gravity of solution. 

G = average specific gravity of solids in pulp. 

T = period of detention in hours. 

Air Sizing. —Air sizing down to 10 microns, recently developed 
by Prof. H. E. T. Haiiltain of Toronto University, has been 
established as regular procedure in the testing laboratories of The 
Lake Shore Gold Mines, Ltd., at Kirkland Lake, Ont., with most 
satisfactory residts. For details see the publication of the 
Canadian Institute of Mining and Metallurgy, 1936, “Milling 
Investigations at Lake Shore.’’ 



CHAPTER III 


COARSE CRUSHING 


Methods for the course crmhmg of ore raru/e from a simple combinatiun 
of a grizzly and one crusher to an elaborate arrangement in series of grizzly, 
jaw crusher, screens arul rolls or cone crushers. 

Crushing is done underground at a few large mines. In general, the 
jaw crusher is the ^nost suitable primary machine, yet many gyratoHes 
do the first breaking. There is a unde choice of these machines. Wearing 
parts are of special steel, especially hard faced at the jmint of greatest 
abrasion. For secondary and tertiary crushing, gyratoriis and co7it 
crushers are used, the latter particularly for final reditction hut this can 
also be done by rolls which give a uniforiri product. 

Interposed, in a. large crushing plant should be grizzlies, screens, feeders 
for crushers, ^nagjieis for [ricking up loose iron and steel and detnees for 
weighing the ore. 

An efficient crushing plant has grizzlies, troininels or shaking 
or vibrating screens to separate the ore that is fine enough to 
by-pass the next step. The grizzly—stationary, rotary or 
reciprocating—is suitaV)le for the first stage*, but thereafter the* 
trommel or screen is more positive in its se|)ar:iiion. Se\'eral 
flow-sheets arc shown (Figs. 11 to 17) of different combinatie)ns of 
various stagers in crushing. Few trommels are used, except those 
on dredges and in sand and gravel plants. The Hoi linger has 
two sets of trommels, all with 1-in. round holc\s in manganese- 
cast plate. These are boxed in, and the dust is drawn off. It 
costs 0.6 ct. per ton to operate them. Openings in screens range 
from 1* 2 in. diameter to 4 mesh or less. They may be of the 
simple shaking type or of the electric vibrating type. The latter 
are better for separating the finer sizes of ore. 

On the Rand, mechanical grizzlies and \ibrating screens have 
provided a better division of the mine-run feed for separate 
sorting of the coarse and fine waste and for two- and three-stage 
crushing. The closed circuit is being considered and is employed 
in one plant. More work is being done by crushers, and the final 
product is much finer. 
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SELECTION OF PRIMARY CRUSHERS 

As primary crushing machines the choice is limited to two types 

the jaw crusher and the gyratory. There are two types of 
jaw crusher, the Blake and the Dodge. In the former the 
moving jaw is swung at the top; in the latter, at the bottom. 
The Blake type, having a receiving oi)ening of fixed size and 
a varying size of dis(;harge, has greater capacity. The Dodge- 
type crusher, having a variable receiving opening and a fixed 
discharge, provides a more uniformly sized product. The 
Dodge crusher, owing to its small capacity, has practically 
disappeared from ordinary commercial-i>lant use, so that refer¬ 
ences to jaw crushers ordinarily mean only the Blake-type 
device. Dodge crushers are sometimes found in laboratories and 
assay offices but seldom elsewhere. 

The Blake-type jaw cruslnjr is, of course, a reciprocatiiig-action 
machin(^, crushing rock by direct pressure between a fixed plate 
and a swinging jaw. 

The gyratory crusher consists essentially of a circular shell 
with inner sides inclining toward a central orifice. A central 
shaft passes vertically through this opening and is hung (centrally 
from a spider which spans the opening at the top. This shaft 
is ec'centrically moved at the bottom and is equipped with a 
conical crushing head which operates between the inclined sides 
of the shell, crushing rock between the head and shell. The 
crushing operation in this machine is continuous and rapid. It is 
able to clear itself when completely buric^d in its feed. 

In s(d(»cting the proper type of primary crusher a proper 
balance must be established on the basis of the largest size of 
rock to be crushed and the total quantity of material to be 
handled in a unit of time. It is also to be borne in mind that 
the product of the gyratory is much more uniform in size than 
that of the Blake-type jaw crusher. 

Cone crushers are a modification of the gyratory type. 

POSITION OF CRUSHERS 

Coarse crushing or breaking is the primary mechanical step 
in ore reduction. It is occasionally done underground in large 
plants such as the McIntyre and Homestake mines. Where 
sorting is done it is usually at the shaft mouth, although central 
plants may be used. 
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On the Rand the older plants operate jaw crushers for the 
total crushing, but in the newer ones, jaw crushers break the ore 
prior to sorting, and gyratories are used for the finer reduction. 
Cone crushers are used in a few plants, and probably more will be 
installed. 

While jaw and gyratory crushers compete for primary crush¬ 
ing, gyratory and cone crushers share the secondary field. 



Ficj. 6.— Principal parts of a 

60. Frame (ateel) 

61. Fraimi Iukh for ahiina 

62. Pitman (ateel) 

63. Eccentric ahaft 

64. Half box (pitman bearing) 

65. Switig jaw-plate 
60. Swing jaw (ateel) 

.67. Upper cheek-plate 

68. Stationary iaw-plate 

69. Lower cheek-plate 
00. Front toggle 

01. Rear toggle (aafety) 

02. Toggle bearinga 
0.3. Toggle wedge-block 
04. Tail piece 
0.6. Tail piece bolt 
06. Spring box 
07. Jaw spring 


Buchanan type “B” jaw-misher. 

08. Spring cap 
09. Spring rod 

70. Water-jacket eover-plute (pitman) 

71. Pulley 

72. Flywheel 

73. Swing-jaw key-bolt 

74. Key-bolt (half box) 

76. Rear ahima, vertical 

76. ShiiuH, horizontal (top) 

77. Lug bolt for tail piece 

78. Stationary jaw key-bolt 

79. Set-screw toggle wedge 

80. Swing jaw-shaft 

81. Water conneetions—inlet 

82. Water connections—outlet (and drain) 


TRAMP STEEL 

Magnets are used for the collection of tramp steel mainly at 
large mills. At small plants most of the large pif^ces of steel are 
picked out of the ore by crusher attendants. At the McIntyre 
Porcupine, for example, a large magnet at the Symons (Tusher 
is fed by a 250-volt, direct-current generator at 24 amp. equiva¬ 
lent to kw. A heterogeneous collection of iron and steel 
results. 
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WEIGHING ORE 

Weighing of ore by automatic machines is likewise the prac¬ 
tice of largo mills. At small plants an occasional car of ore is 
weighed, and an average factor applied to all. Devices for 
weighing larger quantities of ore at a constant rate have always 



F’lr;. 7.—Typo “B” Newhouso crusher, manufactured by Allis-Chalmers Manii- 
facturinK Company. 

lK*(‘n considered expensive, but such quantities can be weighed 
with low error. Among apparatus for this purpose are the Blake- 
Dennison, Hardinge constant-weight and Merrick weightometer. 

FEEDING CRUSHERS 

There are roughly four periods in the normal cycle of coarse 
crushing not employing feeders: (1) The breaker receives a large 
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charge of ore; (2) operates under choke feed with the power at a 
maximum; (3) gradually discharges the crushed ore and (4) runs 
empty. This is not the most economical method yet is the 
practice in many crushing stations. Some method of feeding a 
crusher regularly is preferable. This may be done by means of a 
feeder or gate to the bin above the machine or by a heavy chain, 
a pan feeder, a shaking grizzly or an apron ftieder, which occupy 
little head space. The objective is to insure a regular feed to 



Fia. 8.- -Sectional view of short-hcad Symons crusher. 


keep the crusher steadily occupied and thus flatten the power 
curve. Figure 9 shows an apron f(K‘d(T-jaw crusher arrangement. 
(>)ne crushers and rolls, particularly, may be fed by belts; cone 
crushers sometimes are fed from chutes. 

Ore for the uiuh'rground crush(’r in the Mclntyre-Porcupine 
mine is fed by a Ross chain feeder consisting of six lengths 
weighing 53^ tons. The feeder is driven by a 5-hp. motor 
through a bronze worm reducer, with a sprocket chain-gear and 
pinion arrangement. This gives a speed of 19 r.p.m. and a 
capacity of 175 tons an hour. 
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At Wiluna, Western Australia, Ross chain feeders deliver 10-in. 
ore to the primary crushers at the rate of 130 tons per hour and 
4-in. ore to the secondary crusher at the rate of 40 tons. 

The primary feeder consists of five chains 28.3 ft. long, running 
at ft. per min. and using 4 hp.; the secondary feeder has five 
chains 14.6 ft. long, running at 8 ft. per min. and using 2 hp. 
The cost of feeding is 0.037 pence or 0.074 ct. per ton. 



CRUSHING PRACTICE 

Fikst Stage 

Crushing Underground. —1. The Honiostake is a good example 
of this practice. At the 800-, 1400- and 2000-ft. levels of the 
Ellison shaft are 36- by 48-in. Traylor jaw crushiTS, set to 3} 2 
which are fed with plus 6-in. ore from grizzlies. The discharge 
mixes with the grizzly undersize and is lioisted to the surface. 
Th(\se crushers are driven by 125-hp. motors and break 280 tons 
l)er hour. 

Crushing on Surface. —1. First-stage crushing at Loreto, 
Pachuca, Mexico, of an ore containing mon) than 70 per cent 
silica, consists of passing the run-of-mine ore, maximum size 
12 in., over a grizzly with 4-in. openings. A 20-in. Traylor 
gyratory crusher reduces the oversize to 4 in. Although driven 
by a 100-hp. motor, only 28* 2 hp. is used. 
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2. At the Golden Cycle custom plant, Colorado Springs, 
treating Cripple Creek and other ores, a Sjjj-ft. Symons cone 
crusher is fed with ore of to 4 in. maximum size which has 
passed over a stationary screen having ^y-in. holes. The 
Symons produces 100 tons an hour of 3 2 -in. material for further 
comminution. 

3. At the Premier mill, British Columbia, tlie mine-run ore is 
dumped on a grizzly of 80-lb. rails, spaced at 12 in. A Stephens- 
Adamson apron feeder delivers the grizzly oversize to an 18- by 
30-in. jaw crusher set at 3 in. 

4. At the Ross shaft of the Homestake mine, the primary 
crushing is done by two Allis-Cyhalmers size-8 gj^atories. They 
are driven by 70-hp. motors and reduce the ore to 4^ 2 hi. 

5. At Morro Velho, Brazil, the primary jaw crusher, with 18- 
by 27-in. opening, receives plus 5‘in. ore from a bar grizzly and 
crushes it for secondary reduction. 

6. The two surface-crushing plants of the Teck-Hughes at 
Kirkland Lake receive ore from an underground station. Jaw 
crushers, grizzlies, vibrating screens and Symons cone crushers 
produce 1200 tons or more daily of ;^4-iJi. ore for the rod mills. 

7. The primary crusher at the Presidio mine, Texas, is a belt- 
driven Telsmith 8-A gyratory. It is led with ore not larger than 
7 in. and is set at 1% to 2j4 in. The hourly capacity is 35 tons. 

Second Stage 

As large rock bn^akers will not reduce large pieces of ore 
economically to a size suitable for feeding to a tertiary crushing 
machine, some intermediate machine is necessary. This is 
termed secondary crushing and may be done by jaw or gyratory 
breakers or by cone crushers. 

1. At the Presidio mine, Texas, a Symons cone crusher, set 
at 3^4 in., reduces l?^- to 234 -in. ore from a gyratory breaker, at 
the rate of 25 tons per hr., and uses 32 hp. 

2. In the surface plant at the Me Intyre-Porcupine a 7-ft. 
'Symons cone crusher (see Fig. 8), set at J'fe iii*> crushes material 

from the mine breaker, of which 16 per cent is plus 6 in., 8 per 
cent plus 4 in., 173^ per cent plus 2 in., 6 per cent plus IJ^ in. 
and 33^ per cent plus 1 in. Of the discharge, about 70 per cent 
remains on sieves down to 8 mesh. A 200-hp. motor with 
V-belt connection drives the crusher. 
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3. Second-stage crushing at Loreto, Pachuca, Mex., is as 
follows: 4-in. ore from the first crusher, combined with the under¬ 
size of a grizzly above it, is passed over a 2-in. grizzly the over¬ 
size of which is fed to secondary crushers and the undersize to 
vibrating screens with V/i-in. clear openings. Two 
Symons cone crushers, set to give a %-in. product, do the 
secondary breaking. Each is driven by a 225-hp. motor and 
V belt and consumes 172 hp. Mantles last 85 days, and bowl 
liners 87 days. 

4. At the Premier mine, British Columbia, 3-in. ore from the 
primary breaker passes over a Niagara sc^reen with 1-in. openings. 
The oversize is fed direct to a size-6 McCully crusher set at 1 in. 



Fici. 10.—Crushiiit^ action of rolls, showing 4 to 1 reduction. 


5. At the Rovss shaft of the Homestake miiu*, the 43'^-in. ore 
from the primary breakers passes over a grizzly to two 7-ft. 
Symons cone crushers, set at 13 -i in. 

6. At Morro Velho, Brazil, 5-in. ore from the primary jaw 
crusher and undersize from a grizzly is reduced to 2 in. in three 
8- by 15-in. breakers of similar type and then is fed to the stamps. 
Coarse crushing (including haulage) costs 4.26 pence (8.52 cts.) 
per ton. 


Third Stage 

The third step in coarse crushing, or tertiary reduction, 
depends upon what is required. Two-inch or smaller pieces 
from the secondary crushers may be fed direct to stamps, rolls, 
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cone crushers, rod mills or ball mills, but the trend appears to be 
toUse a third coarse crusher, to reduce the ore to 34- or 3^^-in. 


M/ne tin 
Jior/47^ b^/f 


Unders i d e 


Ja^y •^c/ic/3/?er 


Mi/I bin 

Fla. 11.—A Hiiijple tTiishini; i)Ianf for i)() tons por clay. 


size, particularly for ball milling. For such work the Symons 
mac-hiiie is well suited, just as it is for coarser rediudion. 

At th(i Mcdiityre Porcupine, according to P. I). P. Hamilton, 
Trans, 112, A.I.M,E,, the ore is first crushed to 7-in. size under- 


Mlne 

, T 

Apron -^onire^ 
Gt ^rafory cruder sc/ /i /o 2i 
SfaftonarQ ixi screen 


Under^/^ c 


Qyers/ te focor 
crus her scf4,!i, 


To orcb/n 

Fi«. 12.—Two-stago rrushing by gyratory and oono (Tuahors, with screen in 

open circuit. 


ground. Thence it passes through a cone crusher, screens and 
rolls, which give the following sizes: 
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Sieve Analysis op Crusher-house Products at the McIntyre 

Porcupine 


Mesh 

Symons 
feed, 
per cent 

Symons 
dis¬ 
charge, 
per cent 

Screen 
ftied, 
per cent 

Roll 
feed, 
per cent 

Roll 
dis¬ 
charge, 
per (;ent 

Mill-bin 
feed, 
per cent 

-t-6-in. ring. 

16.1 






+4-in. ring. 

7.8 






-h2-in. ring. 

17.5 






+lH-in. ring... 

5.7 






1.060 (Tyler).... 

3.4 

1.5 

0.8 

1.3 

0.3 


0.742 (Tyler).... 

7.1 

8.7 

4.2 

0.8 

1.9 


0.525 (Tyler).... 

0.4 

17.2 

7.3 

10.4 

2.9 


0.371 (Tyler).... 

5.1 

10.3 

8.3 

13.5 

5.1 


3 iii(*sh. 

4.4 

9.8 

9.8 

10.1 

11.9 


4 fiiesli. 

3.4 

0.8 

20.0 

31.0 

29.0 

2.2 

i\ mesh. 

3 4 

7.1 

16.5 

10.0 

20.7 

14.6 

8 mesh. 

1.8 

4.2 

8.7 

2.1 

0.2 

15.7 

10 mesh. 

2.0 

5 2 

4.9 

0.5 

5.0 

15.2 

14 mesh. 

2.2 

2 0 

2.9 

0.2 

2.7 

8.6 

20 mesh. 

1.5 

2.9 

2.0 

0.1 

2.5 

8.1 

28 mesh. 

1.7 

2.7 

2.1 ! 


2.2 

6.6 

35 mesh. 

1.4 

2.7 

1.8 


1.7 

5.6 

48 mesh. 

1.4 

1.8 

1.4 


1.3 

4.3 

05 mesh. 

1.0 

1 8 

1.3 

0.5 1 

0.9 

3.1 

100 mesh. 

1.2 

1.5 

1.1 

. 1 

0.9 

3.0 

150 mesh. 

0.7 

1.0 

0.8 


0.7 

1.9 

200 im^sh. 

0.4 

0.7 

0.0 


0.4 

1.7 

—200 mesh. 

4.4 

0.1 

4.3 

0.9 

3.1 

9.5 


100,0 

100.0 

100.0 

100.0 

100.0 

100.0 


Note. —Soroeii feod is Symons discharge plus roll discharge. Roll feed 
is screen oversize. 
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Fio. 14.—Two-stago crushing with griszly and screen, the latter in closed circuit 
with second crusher. 





rp m//As 

Fio. Hi.—Throe-stage crushing with grizzly and screen in open circuit. 
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It costs 10.7 cts. per ton to do this work. Tube mills in closed 
circuit with Dorr classifiers further reduce the ore, eventually, 
all through 200 mesh. 


Cha/n -fccdsr 

Be/f j^uor 

Cone ^crusher sc/£^ 
Oreb/n 

V/braf/na screens 
x^^'open/nQS 


Undersf^ 


Oi^ersi ze 
J 5 o// 3 set a " 


Tn m///s 

Fi«. 17.—-Throe-stagp crushing with jaiv rnwhor, roao rruHhor, rolls ami scjreons 

in open circuit. 

The cost of coarse crushing in four stages to in. at the 
Hollinger mine, Ontario, is 0.78 ct. per ton for the iindcTground 
jaw crusher; 1.28 cts. for the size-7}^ gyratories; 0.88 ct. for the 
size-5 gyratories; 1.57 cts. for the rolls; 0.61 ct. for screening; 
0.85 for conveying; 0.37 ct. for colle(*ting dust and 2.27 cts. for 
conveying to mill bins. Total coarse crushing cost—8.61 cts. 



CJHAPTER IV 


SORTING 

When ore in mining becomes diluted by country rock because of narrow 
slopes or because of weak wall rock., or when it naturally contains barren 
material which is distinguishable from the orcj sorting and rejecting the 
worthless rock may be economical. This is done in a casual manner at 
some Htmill mines and on a large scale at others, as at Alaska-Juneau 
(40 per cent rejecled), or covering whole districts, as at Kolar, India 
(16 per cent), and on the Rand (15 per cent). Sorting at a gold or silver 
mine may mean its existence., as at the Alaska-J uneau., or it may result 
in lower costs because less ore is crushed and treated to recover the same 
amount of gold, as at Cripple Creek, Kolar and on the Hand. Sorting may 
rid an ore of such worthless material as schist which causes trouble in 
settling arul filtration, as at Kochkar, southern R ussia. 

The place at which sorting shall be done is mainly dependent upon the 
size of the mine-run ore. If the ore is not in too big chunks, the sorting 
belt may be placed below the grizzly or trommel to receive the oversize, after 
it has been sprayed with water. The grizzly undersize is transported direct 
to the storage bin. If mine-run ore is in too large jdeces, it should be broken 
to 4- to 7-in. sizt, sprayed and then fed to the sorting belt. The wash 
water containing the fine material sometimes carries enough gold to be 
worth samng; therefore provision should be made for sampling and assay¬ 
ing it also for its proper disposal. 

EXAMPLES OF SORTING 

Sovonil oxainpl(\s of sorting follow: 

Alaska-Juneau Practice. —The gold of the Alaska-Juneau 
has been depositc'd on the outside of the quartz or in fractures 
in the veuns, associated with muscovite, ankerite and some pyrite, 
according to Livingston Wernecke, consulting g('ologist. In this 
respect it is similar to the gold deposits of the Mother Lode of 
California, in Nova Scotia, at the Howey, Ontario, and at 
Bendigo, Australia. W. P. Scott, the mill superintendent, 
reports that the ore is well-suited for hand sorting. Almost 
all of the valuable minerals occur in the quartz or at the contact 
of the quartz and the gabbro. No special skill is required in 
sorting, this involving selection of the wdiite quartz, or pieces 
with adhering quartz, from the darker gangue material. The 
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metagabbro, the principal ganguc constituent, is hard and 
tough. 

Sorting is done at two points. The first is on 4-in. rock which 
comes from grizzlies under the jaw crushers. Four men each 
remove 70 to 80 tons of ore per shift from the 42-in. belt (con¬ 
veyors, w^hich travel at 100 ft. per min. The waste remains 
on the belt and is taken to the dump. From 1000 to 1200 tons 
of coarse rock is sorted out as ore in 24 hr. This is cruslucd, and 
eventually an undersize is fed on to two 42-in. belts traveling 
at 150 ft. per min. Four men at each belt take out 20 to 25 tons 
of ore per man shift, leaving the rock on the b(4ts. The on? 
sorted and screened at this point ranges from 500 to 700 tons 
per shift. As much as 57 per cent of 13,000 tons of ro(;k sent 
to the mill has been discarded, but the nature^ of the rock has 
changed, and n'ject now amounts to 40 jmt cent of about 11,000 
tons trammed daily. 

Sorting at Alaska-.! cneai’ 


Product and Value (^uaiitity 

Rock extracted, tons. 4,085,9(10 

Assay, cents per ton. 98 

Rock sorted out (40%), tons. 1,019,128 

Assay, cents per ton. 17 

Ore milled, tons. 2,4()(),832 

Recovery, dollars p(‘r ton. 1.27 

Mill tailing, cents p(T ton. 24 

Cost of sorting, cents per ton (1931). 3.27 


As shown in the accompanying tabli», sorting at Alaska-Juneau 
has raised the grade of the ore and sav(*d mucli wasteful and costly 
milling. This is good work by the sorter, (\specially as the 
rejected rock assays 7 cts. less than the mill tailing. During 
1931 each sorter rejected 68 tons of rock per day. 

Cresson Practice.— Thi'. mine of the Cresson Consolidated 
Gold Mining and Milling Company at Cripple Creek, Colo., 
produces a sulphotelluride ore. The tellurid(>s arc sylvanite 
and calaverite, which occur in small quartz and fluorite veins, 
also disseminated in a basaltic breccia. The gangue is mainly 
Cripple Creek breccia. According to A. H. Bebee, super¬ 
intendent, the ore w'hen dumped into bins assays 0.28 oz. per ton 
in gold. A daily average of 35 per cent of the ore is sorted out, 
but the range is zero to 75 per cent. The reject carries 1.0 dwt., 
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and the ore shipped 8 dwt. Each man sorts 15 tons a shift at a 
cost of 35 cts. per ton shipped. 

Howey Practice. —At the Howey mine, Red Lake, Ont., 
the ore body is comprised of a scries of quartz v^cins in a sheared 
and fractured porphyry dike, according to J. L. Ramsell, chief 
engineer, in October, 1934. 

The sulphide content of the ore averages about 2^ cent and 
is composed mainly of pyrite with minor amounts of sphalerite, 
galena and a little clialcopyrite. Ankerite and tourmaline are 
common. Howey quartz-vein distribution is remarkably similar 
to that of the Alaska-Juneau, and similar problems in ore defini¬ 
tion and extraction have resulted. 

An outstanding feature of ore treatment at the Howey is its 
hand .sorting before crushing, according to R. S. Sullivan, mill 
superintendent, in the journal cited. As a result of this opera¬ 
tion, a low-grade material, amounting to 18 per cent of the ore 
hoisted from the mine, is discarded. The cost of sorting and 
dispo.sing of wa.ste rock during the first six months of 1934 
amounted to 25.7 cts. per ton discarded or 4.3 cts. per ton hoisted. 

Experi(^nce at tliis mine has shown that any rock not carrying 
quartz or sulphides is invariably low-grade material and (^an 
safely bo discarded as w^aste. The gangue is easily discernible 
by reason of its dull-bla(^k appearance wdien wet. No sledging 
or cobbing is ])racticed, largely because the resultant gain would 
be more than offset by the loss in time and tonnage due to the 
interruption of the sorting rate. Thus it is necessary to rely 
mainly on the judgment of properly trained sorters. 

The .siz(^ of material most .suitable for sorting ranges from 
6 to 14 in., and the sorting rate is 3 to 7 tons of wa.ste per man¬ 
hour discarded w'ith a long-term average of 4.5 tons. Present 
equipment does not p(»rmit the economical sorting of minus 4-in. 
material, Ix'cause th(^ number of moves made by sorters to 
removes small pieces is so gn»at that th(dr sorting ability becomes 
extremely knv. l^ven with more .suitable equipment, it is quite 
probable that in handling the smaller material, the sorting rate 
w-ould fall below" 2 tons per man-hour. 

Ore is delivered to the crude-ore bin of 250 tons drawoff 
capacity and varies from fine material to slabs that wdll pass the 
l4-in. mine grizzles. The flow" of rock from the mine bin to the 
.sorting table in the crushing plant is controlled by horizontal 
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and vertical steel gates set below and in front of the chute and 
operated by electric control levers from the control board at the 
jaw crusher. Each gate, consisting of heavy steel plate rein¬ 
forced by 30-lb. rails, is guided by 7-in. channels and is operated 
by a 1-hp. motor through a series of pinions and spur gears. 

As soon as the rock roaches the table it passes under a heavy 
spray of water which removes the slime, permitting the waste 
to be distinguished easily from the ore. The sorting table is a 
link-belt, manganese-steel pan conveyor with 19-ft. centers, 
60 in. wide with stationary guides consisting of 6- 6-in. timber, 
lined on the inside edge with lapped steel and on the top 

with V^-in. steel plate. This table, traveling at a speed of 8 ft. 
per min., is driven by a 10-hp. motor through a 4-in. belt, pinions 
and spur gears and has given three years of excellent service 
requiring only minor repairs. 

A small drag-chain classifier, set directly below the table and 
operated from the table driven shaft, discharges all the fine 
matcirial w^ashed down by the spray, to the 24-in. conveyor. 
Four sorters, two on each side of the table, stationed 3 to 4 ft. 
ai)art transfer the waste to bins directly Ix^hind them. The 
reje(;t is drawn from the waste bins to 2-ton dump cars which 
are hauled away to be emptied. Sorting results at the Howey 
mill for the first half of 1934 are shown in tlu^ accompanying 
table. 


8ix Months’ Sorting .^T thk Howky Mill 


Operation Quantity and Value 

1. Ore milled and sorted, tons. 239,488 

2. Ore milled, tons. 199,190 

3. Disearded by sorting, tons. 40,298 

4. Value of ore milled and sorted, per ton. 2.50® 

5. Value of ore milled per ton. 2.93 

6. Value of material sorted out per ton. 0.41 

7. Tailing loss per ton. 0.22 

8. Net loss (6 and 7) per ton. 0.26 

9. Increase in mill heads due to sorting. 0.43 

« Gold at $35 per os. 


During yoars, 153,377 tons of rock was rejected from 
1,250,156 tons of ore milled and sorted. The waste averaged 
49 cts. per ton, and the mill heads were increased in value by 
41 cts. 
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Rand Practice. —^The reason for sorting on the Rand is better 
understood when it is said that the ^^reef'* material is a 
conglomerate composed of various sizes of barren quartz pebbles 
about grai)e size, cemented together, the cementing material con¬ 
taining the gold and minerals, lying in barren quartzite shale. 
As stopes are narrow, much waste is mixed with the ore. Some of 
this is sorted out underground, but 15 per cent of that hoisted 
to the surface is rejcjcted, and at several plants nearly double 
this amount is discard(jd. The waste assays up to ‘ji dwt. per 
ton. Natives do this work well and can sort down to l!^-in. 
size. Where there is enrichment at tlie reef-country rock con¬ 
tact, parti(*ularly at the shale wall, or when gold is in s(*attered 
(carbon particl(\s, sorting is more difficult. The cost of (Tushing 
the ore, one-half to two-thirds through 1-in. screen, and sorting 
ranges from 3 to 5 pencM^ (6 to 10 cts.) per ton milled. Selected 
pebbles and quartzite serve well as grinding media for tube 
mills. 

As a rule, on the Rand, the material is screened out before 
the ore is waslnnl and s(nit to the sorting l)elts. This screening 
is done for the most part on grizzlies and vibrating scn^nis. 
Washing is done in n'volviiig trommels. At a few of the plants 
all of the on^ is washed and screened before sorting. The 
fine ore is sent direct to the stamps or other grinding machines. 
Waste rock is scraped into pockets which lead to bins, these in 
turn dis(diarging on to a waste belt or into cars or trucks. 

At tlie l^ast Geduld min(% sorting underground is done at a 
station 2930 ft. below the surface. The ore from two sets of 
tipples or dumpers first passes over a 4-in. grizzly. The under¬ 
size goes to a bin at the shaft; the oversize is fed on to two 
36-in. sorting belts, being well-washed in the inclined section of 
the belt. The sorted ore drops into the ore pass, joining the 
undersiz(^ from the grizzly; the wa.ste is dropped into another 
l)in and is th(*n distributed to the mine workings as filling. 
About 4000 tons of waste per month is handled underground. 

Sorting on the surface at P^ast Geduld consists of washing and 
screening the ore from the primary crushers. Here it is divided 
into three sizes: (1) Minus 7 in. and plus 3 V 2 i^.; (2) minus 
3^ 2 a-iid plus 1^4 in.; (3) minus 1^4 in. The ore is thoroughly 
washed, the washings gravitating partly to a Dorr classifier 
and partly to two 4-in. Wilfley sand pumps, from which the 
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materials go direct to the tube-mill circuit. The three sizes of 
washed ore are fed on to three 36-in. belts for sorting. The plus 
31^ and minus 7-in. material goes to a tube-mill pebble bin; if 
this is full, the ore is sent to the secondary crusher bin. A similar 
arrangement is available for the plus and minus 3,''^-in- 
product. The cost of sorting and crushing is 6? i p(‘nce or 13 cts. 
per ton. 

Of the 20,327,000 tons of material broken in the mines of 
the Central Mining-Rand Mines group in 1933, according to 
T. K. Prentice in the Bui, I.M. and M., April, 1935, 13.79 ptT 
cent was waste packed underground, 4.97 per cent was waste 
hoisted and sent direct to the dump, 8.84 per cent was waste 
sorted out in the reduction plant and 72.40 per cent was ore 
milled. 



CHAPTER V 


FINE GRINDING 

Fine grinding in the hint step in the reduction of an ore yrior to concen- 
traiion {gravity or flotation) or cyanidation. Practice varies, depending 
upon the type of ore and the amount of reduction required. In addition, 
some of the older properties continue with methods that perhaps are not 
considered the best in light of recent imprmwments but that cannot be 
eC4)nomically changed because of ca/ntid outlay. 

Present grirtding practice is closely linked with classification, so that 
some overlapping of subject matter occurs in Chaps. V and VI. 

In this chapter some of the theory of grinding, different types of equif>- 
rnent and flow-sheets are discussed. Concentrate regrinding is discussed 
irk Chap. IX. 


EQUIPMENT 

Most of the tonnage milled today is ground in one of the follow- 
ing tyi)c.s of equipment or a combination of two or more: ball 
mills, tube mills, rod mills and stamps. Cdhlean mills and 
Huntington mills are still used in a few isolated cases. 

Ball and Tube Mills 

All typ(*s of mills that consist essentially of rotating cylinders 
with flat or conical ends with balls, pebbles or rods used as grind¬ 
ing media are included here. 

Ball Mills.—The term “ball mill” is usually us(^d to refer to a 
cylindrical mill whose length is le.ss than, equal to l)ut not much 
greater than its diameter. It was initially developed for rela¬ 
tively coarse grinding, but by using it in closed circuit with a 
(classifier its use has been extende‘d for fine* grinding. 

Ball mills hav(* sludls of cast iron or steel plates and are carried 
on hollow trunnions. Ore is f('d through a scoop, drum type or 
combiiiation feeder at om' end and is discharged from the opposite 
tni union. 

Ball mills may be arbitrarily classified into two types, accord¬ 
ing to the method of pulp discharge. In high-level or overflow 
mills the pulp level builds up until it overflows and discharges 
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through the trunnion. High-level discharge mills are made by 
a large number of manufacturers throughout the world. Low- 
level mills are typified by the Allis-Chalmers and Marcy (see 
.Figs. 18 and 19) grate-discharge mills. The discharge end is 
fitted with grates; between the grates and the end of the mill are 
radial lifters which act as a pump to lift the discharge to the 
hollow trunnion. Drive is by spur or herringbone gear, direct 
connected or belt driven. 

Ball mills are built in sizes ranging from small laboratory 
mills to a present maximum of lOj 2 ft. diameter by 8 ft. long, the 
latter rt^ciuiring close to 500 hp. 



FitJ. 20.—JTurdinge conical mill fitted with paddle grate. 

Liiu'rs are usually of manganese steel, of chrome steel or white 
iron, 3 to 6 in. tiiick. (Corrugated and shiplap construction is 
commonly used to increase the grinding action. 

Conical Mills. —The Hardingc mill (see Fig. 20) differs from 
most ball mills in that conical ends are added to the (*ylindrical 
portion of the mill. The cone at the feed end has a larger open 
angle than that at the opposite end. Its makers state that the 
large balls concentrate near the feed end of the mill where the 
coars(\st ore collects, and the smaller balls act on the finer ore. 

Rod Mills. —Rod mills (see Fig. 21) follow the general dimen¬ 
sions of tube mills with diameters from 3 to 6 ft. and lengths from 
two to three times their diameter. They differ from ball mills 
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in that steel rods 3 or 4 in. shorter than the mill length inside 
the liners are used as grinding media. Rod mills are often run 
on tires and rollers instead of tniiinions or on one trunnion and 
one tire and set of rollers. 

Low-l(‘vel discharge is obtained on Many rod mills l)y having 
a beveled annular ring at the discharge end. A stationary steel 
door fits close to this beveled ring and serves to hold the rods in 
the mill while pulp discharges between the mill and the door. 


Jmu. 21.—iSectioiial view of Marry rod mill in oporntion. 

Tube Mills.—The distinction betw(*(Mi tulx^ , mills and ball 
mills is not so marked as their names indicate'. Mills from 4 to 
6 ft. in diariK'ter and from 16 to 22 ft. long are usually tc'rmed 
tub(i mills. This was the first type* of rotary mill for metallurgical 
purposes. Because of the necessity of comphddng the grind 
during one passage (open circuit) of the ore through the mill, 
it was built with a large-length diameter ratio. The tube mill 
is still largely used in South Africa and to some extent in North 
America for fine grinding generally following some other primary 
mills. 

Tube mills are usually supported on hollow trunnions, the feed 
entering through a feed scoop at one end and discharging through 
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the other. Drive is by a large gear fitted over the mill shell. 
Various types of liners are used, as in ball mills. 

Flint pebblf\s and hard waste rock were first used as grinding 
media, but present practice is to use small steel balls (less than 
2 in.) or, as in South Africa, a mixed steel ball and rock load. 

Guimmng Media 

Ste(*l balls ranging from Js to 6 in. in diameter are used. 
Tube mills are usually fed balls smaller than 2 in., whereas 5-in. 



balls are most commonly used for coarse grinding. The initial 
charge* is mad(* up of mix(*d sizes, and thereafter onl}'^ the largest 
size is fed to the mill. A grinding capacity mucii higher in tube 
'mills than with p(*l)bles is of course obtainable with steel media. 

Rods used are of carbon steel V 2 to 4 in. in diameter and 
containing 0.8 to 1.0 pi'r cent carbon. Mild steel rods have a 
tendency to bend after wearing down. 

Approximate ball loads can be estimated by assuming 225 lb. 
per cu. ft. of ball volume and a total load equivalent to 40 to 
45 per cent of the mill volume. 




FINE GRINDING 


75 


Liners 

All rotary mills must be fitted with some kind of replaeoable 
liners. Chrome steel, manganese steel and white iron are usually 
used. Shapers designed to give a t*orrugat(»d or shiplap surfacH? 
to the interior of the mill are often used to prc'vent slippage 
of the ball load. Poek(»t liners are also eommon. These liners 
have pockets in wdiicrh the balls becoiiu‘ lodg(*d to form the wear¬ 
ing surface. 

Rubber liners hav(^ been tried in sonn^ cases but are not com¬ 
mon. Silex lining, with flint pebbles for grinding media, is 
sometimt^s used when' iron contamination must lx* avoided. 

Older Grinding Mquipment 

Stamps. —Althougli the stamp mill could b(' classified as a 
fine crusher, it is included in this (diaptx'r, as its usual duty 
corr(\sponds approximatc'ly to that of a ])rimary l)aii mill. 

Stamp mills wen' built to parallel the op(‘ration of a mortar 
and pestle, w'orking (‘ontinuously and on a larger scale. Ore 
is fed into a mortar and is crushed by t hc^ dropjiiug of th(^ stamp 
on a die at the bottom of th(‘ mortar. TIk' crushed ore dis¬ 
charges through a scre(?n in th(‘ side of tlu' mortar. 

The shoe that forms the wearing surface' on the dropping 
stamp is attached to a stec'l stc'rn and is r('pla(‘e.*d)l('. A common 
earn shaft activates usually fiv(' stamjis in a battery. Wc'ights 
vary from 850 to 1500 lb. in the United Stat(*s and from 1500 
to 2000 lb. in South Africa. 

Chilean and Huntington Mills. —Th('s(' two type's of mill are 
practically obsolete. In these mills rollers drivcm from a (;entral 
gear-driven spindle revolv(' around a pan. In the former the 
rolls crush against a ring in the bottom of the? ])an, and in th(‘ 
latter centrifugal forc(^ holds the rolli'rs against th(^ ring at 
the sid(^ of the pan. Chih'an mills are still us(‘d at the Golden 
Cycle for grinding roastc'd on'. 

Recent Developments 

Hadsel Mill.— The Hadsel mill (set' Fig. 23) is a new type 
of grinding device now’^ in the demonstration stage. A large 
wheel, up to 24 ft. in diameter by 412 ft. wide?, is fitted with 
internal buckets. As the wdieel revolves, the buckets lift the rock 
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to the top of the mill where it is dropped on to stationary breaker 
plates. The ore is thus crushed by its own impact on the plates. 
Ore as large as 12 in. is fed to the mill. 



Fiu. 23.—Principle of operation of the Tlnnlinge-HacLsol mill. 


THEORY AND PRACTICE 
Ball and Tube Mills 

Grinding Action. —The grinding that takes place in mills of 
this type is usually ascribed to two actions, impact and attrition, 
although some authors do not believe that a sharp line of demar¬ 
cation can b(' drawn between the two actions. 

In rod mills there is line contact between tlu' rods, and the 
fines exert a gn'ab'r cushioning effect than when balls are used. 
As a result, a rod-mill product usually contains a greater per¬ 
centage near the limiting size, wuth less extreme fines than ball 
or tube mills. 

Capacity. —The capacity of a given mill will vary over rather 
wide limits depending on conditions given in the accompanying 
table. An accurate estimate of capacity can b<^ made only by 
an (‘iigiiu'er familiar with the* proper evaluation of tliese factors: 

1. Chaniclor and size of fml. 

2. Character and size* of product. 

3. Size and number of balls or rods. 

4. Speed of mill. 

5. Type of liners. 

6. 0]>en- or closed-circuit grinding. 
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7. Ratio of circulating load if the grinding is in closed circuit. 

8. Percentage moisture in pulp. 

For rough estimating j)urposes the acconipaiiying table 
gives approximate (;apa(dties to 48 and 100 rnesh for several size 
mills. Conn(?et(Kl horsfjpower is also sliown. These figures are 


ApIMIOXIMATJ*: BAMi-Minii CaI*A<‘IT1KS and PoWKK RKgillKEMKNTS 


Si/c; of mill, 
feci, 

48 mesh 

100 mesh 

Horsepower 

connected 

4 by 3 

25 

10 

20 to 30 

6 by (i 

85 

35 i 

00 to 75 

7 by (i 

320 

125 

150 to 175 

8 by 0 

5(K) 

200 

200 to 225 


for what would normally 

Ore 

feed 


be eonsid('r(‘d averages silit^eous ore 
crushed through 'Xi itt. and for 
nominal circulating loads of 2 or 3 
to 1. For any s|)(‘cial j)robleni the 
manufactunu’s should be consulted. 

Open- and Closed-circuit Grind¬ 
ing. —When the tube mill was first 
introduced, grinding was done in 
open circuit; that is, the ore was 
ground to pass the limiting screen 
siz(* by one passag(^ through the 
mill. Early experiments showed 
that about 50 to 75 i)er cent of the 
grind took plac(' in the first (juarter 
of the mill and 80 to 95 per cent was 
finished in the first lialf. In this 
manner a large' part of the ore is 
ground much finer than is lu'cessary, 
and mill capacity is relatively very 
small. 

For this n'ason open-circuit grind¬ 
ing is now seldom used. A classifier 
(see Fig. 27) is used to remove over¬ 
size from the mill disc*harg(?, and no att('mi)t is made to finish 
the grind by one passage through the mill, but every effort is 


S 

I 




To freafmenf 

Fiti. 25.- Singlo-staKo, modium- 
firio RriiHliiiK with «*hissifior in 
closed circuit with hall mill. 
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made to remove finished material as soon as it is finished, thus 
reducing overgrinding and preventing the fines from hindering 
tiie grinding action on yet unreduced particles. In this way the 
tonnage that a given mill w^ill grind is niucii greater than it is 
jK)ssible to grind in open circuit. 

The different types of classifiers used are discuss(Ml in tlu^ 
chapter on classification. In g(Mi(‘ral, nieclianical classifi(MS 
that hav(* a large sand-raking capacity are betten- In'cause liigluM* 
circulating loads are possible. 

There is some controversy in the literature as to the dc'fiiiitior 
of ratio of circulating load. The term as used by most milli:H*n 
is the ratio of sand tonnage return(‘d to the mill to the tons of 
original fe(xl. 

If the mill-classifi(»r circuit is fed in th(' classifies- inste^ad of in 
tlie mill, the sand contains oversize in t he original f ^'1 as well as 
oversize from mill discharge^, and thus the definition is not 
(Mitin^ly accurate. 

The ratio of circulating can be (ralculaU'd from scr(‘(*n analyses 
l>y using the following formulas: 

1 . When the raw feed enters tlie mill din^ctly: 

Circulating load rates = 

d = cumulative pcTcentagci on any m(\sh in the' mill 
discharge. 

o = cumulative* perc(*ntag(* on same* me‘sh in the* e*lassific‘r 
ove'rflow'. 

.s = cumulative percentage on same* me‘sh in the classifier 
sand. 

2. When the raw fex;d ent(u-s the* classifie*!*: 

Circulating-load ratie) = 

f = cumulative p(*rcentag(*, on any me‘sh in the* raw fe^eel. 

dj Sj 0 are the same as in 1. 

The usual procedure in using theisei fe>rniulas is te) calculate^ 
the circulating-load ratio for several size screcais and discard 
any that appear out of line, averaging the r(*mainel(?r. 

Tests have shown that the capacity of a mill to grinel to a given 
mesh increases greatly by changing from ope*n- to clos(‘el-cire*uit 
grinding w'ith a small circulating load and continues to inen^ase 
at a lower rate with increase in the circulating load. 
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By using wide classifiers with high raking capacity, circulating- 
load ratios are now being carried as high as 10 to 1 or higher. 
The direct result of the increased capacity is reduced power, 
liner and grinding media consumption per ton of finished ore. 

Mill Speed ,—The speed of grinding mills is a function of the 
internal radius and is usually 50 to 80 per cent of the critical 



Fm. 2(».— Flow-nhoot <»f Now State Areas plant. 


Speed, tlie speed at which material starts to cling to the mill as 
it revolves. This speed 


N = 


76.50 

\/d 


where N = r.p.m. 

d = diameter 
inside the liners in fet^t. 

Moisture in the Pulp .—Usual practice is to keep the moisture 
in the mill at from 40 to 25 \>cr cent. Decreased moisture reduces 
slippage and allows balls to be carried higher in the mill. As a 
result, capacity increases slightly. In general, moisture should 
be increased with an increase in slime content. A consistency 
is desirable which causes the pulp to coat and cling to the balls 
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- JMarcyrod’miils. 7x15’ 


in a layer, but that is not so great as to prevent the pulp from 
flowing readily through the mill. 

FLOW-SHEETS 

There are many types of flow-sheets in use today (see Figs. 
26, 27 and 28). However, the tendency in new mills is to crush 
r(?latively fine to Yi in.). For 
grinds coarser than 48 mesh, 
single-stage ball mills in closed 
circuit with classifiers are used; 
but when a finer product is desired, 
two stages of ball mills in closed 
circuit w'ith classifiers is usual. In 
small mills efficiency must neces¬ 
sarily be sacrific(‘d to some extent 
by cai)ital requirements, and 
even greater reductions are justi¬ 
fied in a single-stage grinding unit. 

With the large classifiers us(‘d for high circulating loads it is 
quite often m^cessary to use some kind of auxiliary device to 
comph'te the closed (drcuit. A large auxiliary scoop lifting the 
juill discharge to the classifier has been suc(*(\ssful. 

Rod mills arc^ used to some 


:h 




Fiii. 


r/ag|/J 

/b concBnfraiors 
r. of llollinKtT 

tubc-millinK 


Conoenfrof e'C^nkhpu/ p 
lAUis 'Chatmen hjbe-mitL Sr/H 
i Dorr clas sifier^ (BxSOl 


3 


4 Dorr a^iMors24x2D * 
iDorrboiv/c/as sifier 20x 6x30 ' 

! At!is - Cha lmers fut r‘mit/,3xlG ' 


extent for relative ^ly coarse 
grinding, but the trend of 
recent ])ra(*tic(i has l)e(‘n toward 
ball ratlKT than rod mills. 

In North Am(Ti(*a stage 
grinding is often carried out 
with ball mills as primary 
grinders and tube mills for fiiu^ 
grinding in the s(?cond stage. 

Rand Practice 

Recent, compared with older, 
grinding practice on the Rand 
Prentice in BuLy LM. and M, 367, 


3 


/ Dorrc/assufier. Gx30‘ ' 

To further cuanidation 

Fio. 28.—Flow-sheet of Mein tyro 
Poreiipine tu])e-milliiiK plant. 

is summarized by T. K. 

April, 1935, as follows: 

During the last five years, three entirely new plants have been erected 
on the Witw^atersrand field, namely, Fast Ocduld, Daggafonteiri, and 
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Sub-Nigel, and one of these incorporated either stamps or sand-treat- 
rnent plant. Modem high-sj)eed gyratory crushers were installed at 
each for preparing the feed for tlie tube mills, which are mostly 6 ft. 6 in. 
in diameter by 20 ft. in length, though there are some which measure 
8 ft. by 1() ft. In each plant, the “mines fines,” mostly—1 in. square 
mesh are by-passed to the tul>e-mill bins without preliminary washing. 
In two of the plants tube milling is performed in a C 3 ^anide-solution 
circuit, and at the other in a water circuit. In all of them Dorr classi¬ 
fiers of the straight drag and of the bowl tyjies arc used exclusively for 
classification, and only the SulvNigel plant, which, incidentally, mills 
the richest ore on the Hand, has instalk^d corduroy tables for the 
removal of gold from tlie tube-milling circuit, for recovery by amalga¬ 
mation; the others depend entirely on cyanidation for the total gold 
recovery. At East (lediild air lifts are used to elevate the tube mill 
effluent to the classifiers; and at the other two i)lants centrifugal pumps 
arc used for this purj)ose. Three stages of tube milling were incor¬ 
porated at blast (ieduld and Daggafontein, and two stages at Sub- 
Nigel. . . . 

On the Witwatersrand there are large reduction ])lants with an 
average milling cai:)acity of ai)pr<)xirnately 87,000 tons per month each. 
Of these, the last 0 to be erected did not incorporate oitlior stamps or 
sand-treatment units, and in 1930 the Springs Mine abandoned sand 
treatment, but the remaining 31 still function satisfactorily and eco¬ 
nomically with the inclusion of both. The princii)al benefit to be gained 
by not inc()rj)orating stamps and sand-treatment units in the flow-sheet 
of a new j)lant is in the matter of capital cost. A ])lant having a capacity 
of 50,000 tons per month with stamps and sand-treatment eciuipment 
would cost on the Hand a[)j)roximatefy £400,000, against £300,000 for 
a modern crusher tube-mill all-sliming plant. 

The cost of grinding dejiends on the degree to which comminution is 
carried, but on the basis of the c(»st per ton of —100^ or per ton of —200 
produced, statistics show that the inclusion of stamps does not appreci¬ 
ably advers(*ly affect the grinding cost. In the Central Mining-Rand 
Mines group it has been found that the cost of producing one ton of 
—100 i)roduct by the crusher-stamp and tube-mill combination is 20.0 
pence compared with 19.9 pence ly the modern crusher tube-mill 
• combination and that the costs per ton of —200 produced are 29.7 pence 
and 28.3 pence by each respective method. The eUxdric energy required 
to produce a ton of —200 is approximately 27 kw.-hr. and is the same 
for either method of reduction. Thus it may be accepted that the 
stamp mill is still ])erforming useful and economic work and that, 

* All screen gnulings in this paper refer to T^dcr screening unless other¬ 
wise stated. 
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although it has been suggested, particularly by crushcr-inachinery sales¬ 
men, that it would be profitable to the mines to scrap the existing 
stamps, the capital expenditure involved in tlie purchase of the crushers 
and tul^ mills to replace the stamps would be clifticult to justify. 

In the group of mines previously referred to, the cost of cyaniding in 
an all-sliming plant amounts to 12.3 pence per ton milled, compared 
with 13.6 pence per ton milled in the other plants incor])orating sand 
and slime treatment. Thus, there is a saving of 1.3 i)ence j)er ton milled 
in favour of treatment by the all-sliming method, and, provided the 
increased extraction is sufficient to cover the cost of the increased fim*- 
ness of grinding necessary to enable the ore to ]>e treated as a one-pulp 
product, then all-sliming is economically justihod. From the rnei han- 
ical aspect the degree of grinding ne(?essary for satisfactory tnaitment 
by all-sliming methods is about 95 per cent of —lOO or 70 per cent of 
— 200. The existing all-sliniing plants are all situated on the Far lOast 
Rand where fine grinding is essential for a reasonabl(‘ nvovery, and 
there never has been any doubt about the advisability of adopting fine 
grinding there; but the Central and West Rand ore is i(*ss n'fractory, 
and the question whetlier all-sliming should be apj>lied to that class of 
ore has long been a debatable subject. However, then', are two plants 
at present being designed for the West Rand area, and both are inc,or- 
porating all-sliming, so that it is reasonably safe to proplu'sy that no 
future large plant will i!K*.orjM)ratc sand treatnumt vinless sand is 
requin'd for underground roof support; nor will any future n(>w plant 
incorporate stamps. 

Grinding and Classification at Randfontioin FiSTATios 

F. Wartonwoiler gives us the following flow-sbeot fit this gn^at 
firoperty: In the crushing plant, 800 tons of wasti' is sortf'd out 
daily. This plant delivers to the 600 stamps 2.9 per cent of plus 
2-in. ore, 33.1 per cent of plus 1 in., 15.8 per c(*nt of plus in., 
18.0 per cent of plus j2 I>cr c(*nt of minus 

The stamp pulp is pumped to spiral classifiers which an* in 
closed circuit with 8- by 16-ft. tube mills. Th(^s(i classifiers are 
7/2 and 9 ft. in diameter and makc^ 13 r.ii.m. In this circuit 
are corduroy tables. The critical mesh of this primary grinding 
is 100. The sand product amounts to 6069 tons. I'lie overflow 
from these classifiers is next pumped to the secondary grinding 
circuit, which consists of 7- and 8-ft. s])iral classifiiTs, 53^ by 
22-ft. tube mills, corduroy tables and cone (dassifiers. The sand 
product amounts to 1968 tons. These* cones receive the spirals^ 
overflow, the underflow of the former returning to the secondary 
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circuit, and the overflow (81 to 84 minus 100 mesh) going to 
pumps which elevate it to six 23-ft. Dorr bowl classifiers. These 
give 35.21 per cent sand and 64.79 per cent slime. 


South African Practice 

(Duties and Ollier Data with Pebble-grinding Medium) 









C'onHiimption 





Tons, 

Tons, 


pt^r day 

Tulif mill 

Plant 

Load, tons 

100 

2(K) 

Iloriw*- 



mnuh 

mRsh 

powor 







per day 

per day 


Halls, 

Pebbles, 








pounds 

tons 



IVIdilwM** 






a ft. « in. hy 22 ft. 


13 to 14 

157.0 

120.0 

146 


30 

5 ft. (i in. by 22 ft." 

n 

13 to 14 

120.0 

02.0 

132 


17 

(i by 10 ft.". 

H 

1.3 


140 0 

105 0 

147 


25 

0 ft. 0 in. by 20 ft. 

n 

Ifi to 10 

105.0 

12« 0 

235 


35 

H bv 10 ft.^. 

1' 

/ I’rimury niillH 


120.5 

238 


63 



I Tertiary mtllB 

i 

231.3 

233 


28 

Coruposilo 

(«riti<iiiig Ixmk] 

of Pebbles aiul Steel Ihills 




nallB*- 

IVbbloB'’ 






a ft. 0 in. by 22 ft. 

c 

n 


100 

131 

100 

300 

25 

0 ft. 0 in. by 20 ft.^ 

A 

7 

13 

253 

14K 

205 

500 

27 

0 ft. 0 in. by 20 ft.** 

H 

0 

13.3 

271 

100 

203 

420 

25 


" Mine* fiiii’H huvf \ h’vu w'punitcd and do not pu»H this rin*uit. 

* Ort* ppbhlrs f»*d art- 4 to 10 in. mfun diameter. 

•' Sice of pebtileH 4 to 10 in.; nice of hullH, 3 in. diameter. 

^ CirindinR run of mine ore after eruBhinR. 

' GrindiiiK Bereened tineB from rnn of mine ore. 

Northkun Ontaiuo Practice 

Ill tli(» chapter ^‘Tr(»atnient of Simple and Complex Ores’* 
complete (l(\scriptions of tin* more important Canadian mills 
are given. In general, it may be said that grinding is done in 
two stages, using ball mills or rod mills as primary grinding and 
tube mills for secondary grinding. Exceptions to these are the 
McIntyre Porcupine and Coniaurum, which crush very fine 
(4 mesh) and grind single stage in tube mills. 

The primary mills at Dome and Hollinger are operated in 
open circuit, but all other mills are closed circuit with classifiers. 

Many of the smaller mills grind .small tonnage in single-stage 
closed circuits, even when it is necessary to reduce the ore to 
too to 150 mesh. 










CHAPTER VI 


CLASSIFICATION 

The metallurgical advantage of fine grinding in the treatment of many 
ores by the all-sliming cyaniding process has of course been realized etu r 
since the introduction of the process. An economical means, hoieever, of 
attaining a finely ground product has been a gradual development to which 
improvements in grinding mills and classifiers have contributed the greatest 
advance. 

The miU-classifier combmation should be considered as a unit. The 
change from open circuit to closed circuit, the use of high circulating loads 
and the development of secondary and tertiary grindifuf circuits are notable 
advances in producing an imprimed product, generally resul ihg in a higher 
extraction of the valuable constituents of the ore. This has been accom¬ 
panied by a reduction in unit costs through a to tee red consum ptio7i of 
power and steel and by increase in capacity of the grinding mill. 

The increased price of gold justifies the careful consideration of the 
jneiallurgist to the possibility of reducing {undissolved) gold loss in 
tailings by finer grinding. 


DEFINITIONS 

Classification as applied to eyanidi* plants is usually a com¬ 
bination mechanical-h 3 ^drauli(r operation wliicb separates th(‘ 
solid constituents of a flowing jnilp into two portions according 
to their respective settling rates. Usually it implies the removal 
of a finished product, termed overflow,from a jjroduct requir¬ 
ing further grinding, termed ^'sarul.'' Pulp means a uniform 
suspension of finely divided solids in liquids as applic^d to mticlian- 
ical classification, which is the usual method of making a 
sand-slirne separation in cyanide plants. Overflow is the compara¬ 
tively finer, more slowly settling i)ortion of the original pulp 
which is carried over the tailboard or lip of the classifier by the 
flow of water; sand is the comparatively coarser, more rapidly 
settling portion of the original pulp which is discharged from the 
classifier by the mechanical action of the rakes. Selective classijir 
cation is classification that has for its object the concentration of 
the heavy constituent of the original pulp, generally the sulphide, 

85 
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in the sand product, so that it may be ground finer than the lighter 
i:x>rtion, generally the gangue. 

Fine grinding is the size re?ductioii of crusher or roll products. 
A mill may opc^rate open circuit or closed circuit. Open~circuit 
grinding is a method of comminution that produces the desired 
reduction in particle size by a single passage of the material 
through a mill. Closcd-cdrcuit grinding is a method of comminu¬ 
tion in whicli a partly fiiiislied mill discharge is separated by the 
classifies into a finish(‘d overflow product and an unfinished sand 
product which is returiKid to the mill for further grinding. 

USES OF CLASSIFICATION 

1. To make a size s(‘paration; for (example*, a sand-slime separa¬ 
tion so that each {product may be given a different treatment. 

2. For closed-circuit grinding, so that tlK.^ maximum size of 
parti(dc? escaj)ing from the circuit may be limited, and so that 
th<^ useful work doni^ by the mill may be increased by enabling 
the mill to opc^rate largely in reducing oversize rather than in 
overgrindingmaterial already fine enough. 

3. For diffc^n^nt.ial grinding of th(» lieavy mineral constituent 
and the gangue, by sidective classification which concentrates 
the mineral in the sand product and causes it to be ground 
fin(*r than tlie gangu(* Ix'fore it can escape in the overflow prod\ict. 

Th (5 desired function, togi'ther with the character of the ore 
and sucii factors as tlu' tonnage to be handled, nu\sh of s('paration, 
(4c., d(*t(‘rmin(*s the sel(*ction of th(? proper size and type of classi- 
fiijr. Tlie Dorr singl(‘-stag(' classifier and bowl classifier are in 
use for making s(*i)arations from as coarse as 10 (see Fig. 29) to 
as fiiK^ (s('e Fig. 30) as 350 mc'sh. The first classifies is l>etter 
suitcxl for making coars<^ separations and for handling large* circu¬ 
lating loads wluse relatively small overflow capacity is re(|uired. 
Th(‘ l)owl classifier, limited to 48 m(*sh and finer, with the double 
washing action giv('s a closer separation at the* dt'sire*d mesh and a 
(‘leaner sand product; permits, through the selection of the* proper 
bowl size, any re(]uire*d redatiou between overflow and sand-raking 
cajjacity and is more* suitable as a mineral conc(*ntrator for 
selt'ctive classifieation. 

Both machine's are* capable of adjustment to cov(t considerable 
range* of conditions. Adjustmemts in slope of classifier tank, 
rake speed and dilution of overflow pulp and, in the case of the 
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bowl classifier, additional adjustments of backwash water and 
bowl speed are available to obtain efficient results at any mesh 
of separation. In designing the machine, due consideration is 



Flo. 29.—Dorr FX (lu*avy-duty,) criassificr for rolativtdy coarso BoparatioiiH. 



Ficj. 30.—Dorr Turret-Bowl classifier, for relatively fine separations (Golden 

Queen). 

given the results desired under specified conditions; final adjust¬ 
ments are made when the particular flow-sheet is placed in opera¬ 
tion and are varied thereafter as the conditions vary. 

Evolution of present fine-grinding flow-sheets: 
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Open-circuit Grinding. —The first application of the mechani¬ 
cal classifier was to open-circuit work with grinding mills in the 
cyanidation of gold and silver ores, for the purpose of producing 
two products—a slime-free sand for treatment by percolation 
and a sand-free slime for treatment by agitation and filtration or 
decantation. 

Closed-circuit Secondary Mills. —Advances in the art of treat¬ 
ing cyanide slimes and the reduced cost of fine grinding made 
possible by the early tube mills led to the use of the mechanical 
classifier as a means of controlling the fineness of the pulp leaving 
the grinding plant as feed to the all-slim(^ cyanide treatment. 
Operating in closed circuit with the tube mills, the classifier not 
only controlled fineness more accurately but greatly reduced 
grinding costs. 

Closed-circuit Primary Mills. —Tlio adoption of two-stage 
fine grinding, due to a recognition that too gr(‘at a size nnluc^tion 
in one mill with oiu* ball charge was uneconomical, h^d to tlu^ us(' 
of the i)rimary mill and subsequently a mechanical classifier 
in closed circuit with it. Reductions in grinding costs w('r(‘ again 
obtained, and in addition a conveniiMit means was ]>rovid(Hl for 
apportioning the work l)etween the two stagers. 

Intermediate Classification between Stages of Fine Grinding. 
Anoth('r step was the interposition of a bowl classifier between 
the primary and secondary grinding (circuits. Th(' classifier 
operated in open circuit receiving as its f(‘ed the ovcu’fiow from tlu' 
primary circuit, overflowing material of finished size and dis¬ 
charging a clean sand product direct to the cIos(‘d-circuited 
secondary mill. This step, howwer, is not generally desirabh* 
largely because of the difficulties met in controlling the succeed¬ 
ing classification stage in the absence of primary slime. 

Finishing Bowl Classifiers. —Finishing the entin* mill feed in a 
bowl classifier, w'ith provision for regarding the sands in a separate^ 
or t(‘rtiary circuit, first proved attractive in tlui cyanidation of 
gold orc's in which the values w’^ere chiefly associat(*(l with the 
heavy pyrite constituent. Here the bowl reclassified selectively 
the relatively coarse pulp from the secondary circuit, overflowing 
the bulk of the quartz and only the finest sulphides for treat¬ 
ment, concentrating the sand product to five or six times the 
assay of the original ore and regrinding this high-grade material 
as fine as its assay warranted. 
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The net result has been a higher extraction, a coarser over-all 
grind and a reduced grinding cost. 

The same principle has been applied successfully more recently 
in the dressing of copper sulphide ores for flotation. The sulphide 
mineral, being heavier than the gangue, concentrates readily in 
the bowl sand and is subjc'cted to regrinding for more complete 
liberation of associated minerals. In this way the mill is not 
burdened with gangue material upon which no further work is 
required. Moreovc^r, the finishing-bowl classifier protects tlie 
flotation operation against tramp oversize from preceding clashi- 
fiers and assures a uniform product from the entire fine-grinding 
section, convenient for sampling and distribution to the succeed¬ 
ing units. 


MEANS OF CLASSIFICATION 

Cones, hydraulic classific*rs and mechanical classifiers are the 
principal means of classifying pulp. 

Cones 

Classifying and dewatering cones once had a wide vogue and 
still are used in some pulp circuits. They were more or less 
troublesome because solids accumulated on thc‘ slo|)ing sides, 
sloughing off periodically and ])luggiiig t he discharge in the aj>ex; 
the sand discliarged was too dilute and contained too much slime; 
and sand was frequently carried over wdth th(‘ slim(\ Further¬ 
more, large cones require considerable spat^e and headroom. 

It is of interest that the Homestake, long a user of cones for 
dewatering and classifying, selected mechanical bowl classifiers 
for their new mill addition. 

In the Homestake's enlarged and rearranged plant are 10 cones 
of local make, 7 ft. in diameter and with 65-deg. sides. They 
dew^ater the pulp from the stamps and feed 10 rod mills wdiich 
arc in closed circuit wdth an equal number of Clark-Todd amalga¬ 
mators and Dorr classifiers. Then the overflow passes to Dorr 
bowd classifiers and from them to ball mills in closed circuit with 
amalgamators and Dorr classifiers. Bowl classifiers make sand 
and slime products for leaching and filter pressing, respectively. 
Cones are used in the Dome plant, Ontario. There are two 
distributing cones and 16 classifying ones, 4,^ ft. deep, with 
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60-deg. sides and M-in. spigot, which build up the circuit with 
sulphides from to 9 per cent for selective grinding. 

Cones of the Caldecott type, fitted with automatic discharge, 
are used in the four plants at Kolar, India, for dewatering and 
making tube-mill feed. In this cone the discharge continues 
to oporato until there is a change in the pulp density. If the 
pulp in the discharges becomes too thin, the plug at the cone 
hottoin closes, allowing the sand to accumulate. The density 
then increases to the desired point after which automatic control 
lK^eoInes (‘ffective. 

Con(^ (;Iassifi(?rs in Rand stamp mills consist of a nest of cones 
4 ft. in diaiiK^ter and 5 ft. deep. The overflow passes to second¬ 
ary coiKss to he sc^parated into sand and slime. The underflow 
is divided into as many portions as there are tube mills, each 
f)ortion gravitating to a dewatering (ame 5* 2 l)y ft., the under¬ 
flow of which is the tube-mill feed. A littl(‘ water is added to 
bring t he moisture content to 30 per cent. The cone, however, is 
ineffici(uit, according to T. K. Prenti(‘e in Du/., I.M, and M,, 
April, 1935, in dewatering a finely ground pulp for tube milling. 

It has V)een found that the Dorr classifier is pr(‘f(‘rable for this 
pur])ose, and this machine is included in the flow-sheets of all of 
th(‘ latest i)lants. 


Hydraulic Classifiers 

Hydraulic classifi(‘rs range from simph* V-shaped launders 
with a multiplicity of shallow' settling })ockets for th(' discharge 
of as many roughly sized products as desin'd to the more elabo¬ 
rate' and (>ffi(deiit units of the Fahn'iiwald t3"p(', ('quipped with 
pockets having construction plat('s and jets of watf'r for con¬ 
trolling the (*hara(*t(*r of jiroducls ('olhn'ti'd in each pocket. 

In g('neral, hydraulic classifiers use more w atc'i* than nu'chanical 
classifiers, the slime overflow' is more dilut(', the coarse? p<3rtion 
or portions are at a much higla'r moisture content and the loss 
of head on the sands is considerable, wdiich is objectionable in 
closed-circuit grinding. Also, these classifiers gc'nerally require 
a deslinu'd feed. 

Hindered st'ttling machines require no power except for the 
water used and are automatic in discharge, altliough they require 
a c'ertain amount of attention. On manj’^ materials they give 
excellent n'sults either in closeness of sizing or in concentration 
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of the denser particles. They are used, therefore, chiefly for two 
purposes—either in separating 6- to 200-mesh material into a 
series of closely graded portions for subsequ(?nt treatment or in 
concentrating the heavier mineral of a nonhomogeneous feed. 

In practice, for preparing cyanide or flotation pulps, almost 
to the exclusion of all other typos the mechanical, nonhydraulic 
classifiers are used because of their capacity, flexibility, con¬ 
tinuous operation and uniformity of results. In addition, they 
require little attention and give a coarse portion or sand of low 
moisture content. Furthermore, the mechanical-type classifi(Ts 
give a coarse portion that is as free from fines as any but the jnost 
efficient types of hydraulic classifiers. This is the result of the 
agitation and draining that take place in the course of the n'lnoval 
of the coarse portion. 

M ECHANICAL (’ LASSl FI EU8 

Th(» impossibility of pre])aring clean, leac^hable sand and sand- 
free slime from an irr(‘gular f(‘ed of varying ore by double-cone 
classification led to tin* invention of the original Dorr classifier 
at the Lundberg, Dorr and Wilson mill at T('rry, S. I), in 1904. 

Mechanical dewaterers had l)een used before Johnson\s shovel 
whe(»l, Scobey^s belt dewatcTer and otluT d(*vict\s, including 
George Moore\s cylinder with spiral conveyor. Th(‘ Akins hollow 
spiral followed about 1910; and Philip Argalis doubh^ solid spiral, 
the Avoca, a few years later. The Scobey belt was develop(‘d 
as the Esperanza and used especially in Mexico; and mon^ 
recently another cylinder with spirals is laing introduced by 
Hardinge; wdiik^ on the Rand a spiral draining sand from a cone 
has met some favor. 

Akins Classifier. —The Akins classifi(*r consists of a semi- 
cylindrical trougli, usually set at a slojie of from 2} 2 to 2 in. per 
ft., in which rotates a helix or spiral at from 2 to 8 r.p.m. depend¬ 
ing upon size and conditions to be met. 

The feed is introduced through the side of the tank just 
below the pulp level, llie h(‘avi(^r solids setthj out and are 
carried upward out of the pulp by the spirals and dis(*harged into 
a sand launder, w^hile the fines flow in opposite directions to the 
overflow weir at the low^er end of the tank. 

The earlier types of machine used interrupted spirals and over¬ 
flow^ lips below the shaft carr 3 ring the spirals at the lower end. 
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Two now types are now recommended by the manufacturers, the 
Colorado Iron Works Company, both of w'hich have relatively 
deeper pulp depths with the overflow weir above the center of 
the shah carrying the spirals at the lower end of the tank, and 
special construction prevents grit from working into the bearing. 
In the high-weir’^ type recommended for coarser separations 
the spirals extend above the pulp level, and in the “submerged” 
type recommc^nded for fine separations the spirals are below the 
jnilp level in the lower end of the tank. Either type may be 
supplied with single or double spirals, and both are equipped with 
lifting devices. 

Figure 31 shows a Dui)lex sul)merged-type machine. 



Fig, 31.—Akins classifier, I>iii)Iex siil»nu‘rgc‘d type. 


The Dorr Classifier. Single-ataifc Type. —Tlu* Dorr (‘lassifier 
(Fig. 29) consists of a r(*ctangular, inclined s(‘ttling box of wood, 
steel or concrete, with the upper or discharge (mkI ojm'ii, in which 
are plact'tl mechanically operati'd rakes or scrafxTs which carry 
the (piick settling, coarse particles to the point of discharge at 
the o]>(‘n end. Each rake, of which there may be as many as six, 
is carried by two hangers, one at the* discharge (nid and one near 
the ov(*rflow end. The rakes are raist^d, lowen^d and moved 
paralhd to the sloping tank bottom by a suitable h(»ad motion. 
A lifting device is provided for raising the rakes several inches 
to (rlear the settling solids in case of a shutdown. 

The feed enters continuously through a distributing launder 
near the overflow^ end. The more quickly settling particles fall 
to the bottom and are advanced up the inclined deck by the rakes 
and discharged. The agitation of the reciprocating rakes keeps 
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fine particles in suspension until they overflow the weir at the 
lower end. 

The point at which a separation may be made is determined by 
the rake speed, overflow' dilution and slope of tank bottom. 
The greater th(^ rake speed the low^er the dilution; and the steeper 
tlie sloj)e the coarser is tlie separation; and conversely. 

Bold Type .—The Dorr bowl classifier (Fig. 32) is a combina¬ 
tion of a shallow', circular bow'l with a revolving raking mechanism 





Fuj. 32.- -Rake diHcharge of Dorr bowl ela.ssifiors in Lake Shore plant, Kirkland 

Lcakc, Ontario. 


superimposed on the low er or overflow end of a single-stage Dorr 
classifier. F(mx 1 ent(Ts through a loading wtII at the center of 
the bowi, and fine solids overflow^ across a peripheral weir. 
Coarse solids settle on the bowd bottom, are raked to a central 
oijening and gravitate through it into the reciprocating-rake 
com part iiK'i it. 

It is used where a clean rake product is desired, where a 
separation at a fine mesh is to be made or where the overflow 
capacity must be large in comparison wdth raking capacity. It 
is essentially a tw'o-stagc classifier wherein the bowd oversize? is 
reclassified in the reciprocating-rake compartment. The fines 
liberated in this recleaning step are carried back into the bowl and 
overflowed. 
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The criticdl size control is a recent improvement in the bowl 
classifier. It provides a positive and increased rate of circulation 
from the reciprocating-rake compartment beneath the bowl 
back into the howl itself. It is of particular value in yielding a 
clean(?r rake sand. 



Fio. 33.—Griiicliiig sortion at Molntyro Pf)rcupim'; note flotation oolls between 
lube mills and eliiKsifierH for removing free gold. 



Fuj. 34. (reiieral arrangenient of Ilnrdinge eountoreurrenf classifier. 


Hardinge Classifier. —The Hardinge Company recently intro¬ 
duced a new type of mechanical classifier, as illustrated in Fig. 
34. This classifier is a slowly rotating drum, on the inner surface 
of which is a screw flight attached to the drum, revolving with it. 
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The material to be classified is fed in at one end above the pulp 
level; and as the classifier rotates, the coarse particles that 
settle out are moved forward by the screw flight. The fines 
overflow through an opening at the feed end of the classifier. 
The sand or oversize is dewatered and elevated by buckets to 
the discharge hopper. 


Agitation 

Agitation in cyanidation has a twofold purpose: First, to 
keep the solids in susj)ension while dissolution is taking pla<‘e; 
and, second, to supply the required amount of oxygen. Vit>lent 
agitation has no recognized value in itself, hut amjile oxygen 
supply is (essential to promote the reaction between gold, silver 
and cyanide. Control of aeration during agitation is essential, 
since ex(*essivo aeration usually results in greater ( onsumption of 
lime and sometimes of cyanide, with no increase ir. extraction. 

Length of contact and dilution during agitation vary con¬ 
siderably for diff('r('iit ores. For gold ores agitation periods vary 
from 16 to 48 hr., probably averaging 30 hr., and for silver ores 
nearly twdce this period. Dilution during agitation varies from 
1 of solution to 1 of solids by weight to 3 of solution to 1 of solids, 
occasionally higher, probably averaging 2 to 1. Operation is 
continuous through a series of agitators, preferably three or more, 
to minimize any tc'iidency for short-circuiting. Change of solu¬ 
tion during agitation by means of a thickener placed Ix'tw^een 
agitators often improves extraction, jiarticularly when silver or 
other ores recpiiring long periods of agitation are Ixung treated. 

Three types of agitators are now in general use: Mechanical 
types (Devereux, Turbo, Wallace); air-lift types (Pachuca, 
Parral); air-mechanical type (Dorr). 

The Dorr Agitator. —The Dorr agitator, in general use tcjday, 
is a combination mechanical and air agitator designed for use in 
round, flat-bottomed tanks as large as 50 ft. in diaiiK^tfT and 
25 ft. in depth. 

Figure 35 show's diagrammatically, by arrow's, the type of 
circulation maintained in the tank, whereby pulp and coarse 
solids from the bottom of the tank arc elevated by mc'ans of air 
through the revolving hollow central shaft to a head casting 
above the pulp level and thence distributed through tw'o revolving 
launders over the surface of the pulp. Coarse solids settling 
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on the bottom of the tank are raked to the central lift by two plow 
arms attached to the shaft. 

The rate of circulation in the tank is controlled by means 
of the air supply to the central lift. 




Fia. 36. - Phantom view of Type A Dorr aKitator. recent typo with I-beam 

supports. 


Air is absorbed in the solution both from the air lift and from 
the series of pulp str(*ams plunging into the surface of the pulp 
from the distributing launders. 
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Figure 36 shows the more recent type of Dorr agitator with 
I-beam supports, which requires minimum headroom and makes 
for ready accessibility. 

The power required for both mechanical operation and air for 
agitators from 12 to 40 ft. in diamc^ter will vary from about 
1.0 to 0.5 hp. per 1000 cu. ft. of capacity. 

Mechanical Agitators. —The first agitators used in the industry 
were of the simple rotating-paddle type. Th(\se, however, 
required a large amount of power and did not give uniform 
suspension or satisfactory means for controlling aeration in 
cyariidation. 

Devereux .—^Thc Devereux is a propeller-type agitator in 
which a propeller revolving centrally in a round, flat-bottomed 
tank at about 1-3 the deptli of the tank above the bottom forces 
the pulp downward to the bottom wIhtc it is d< fiect('d along 
th(? bottom and up the tank sid(‘s, creating a vortf x at t in* e(‘nter 
in which air is drawn into the pulp. This machim^ whih^ simph^ 
mechanically, requir(\s ndatively high j)ower. At oik^ ))lant an 
18- by 18-ft. Devenaix r(‘quires 15 hp. when agitating a pulp 
containing 62 per c(‘nt solids. 

Turbo and Wallace .—Tiie Turbo and the Wallace are high¬ 
speed imi)eller types of agitator imparting high v(‘locity to the 
pulp and are suitc'd for relatively small-diam('t(*r flat-l)ottomed 
tanks. The Turbo may be provided with an imj)eller n(‘ar the 
pulp surface where!)}'' large amounts of free? air may b(j drawn into 
the pulp and emulsified. 

The Wallace consists esscmtially of an impcdler or rotor near 
the tank bottom and at the lower end of a stationary v(‘rtical 
pipe which extends nearly to the pulp surface. The action of the 
impeller creates a circulation of pulp down the i)ipe and into the 
impeller. When the pipe is properly placed, free air is drawn into 
the top of the pipe together with pulp and disseminated through¬ 
out the tank. The pipe may have auxiliary openings to draw 
in pulp from different lev(ds in the tank. 

Both of these agitators have been used in combination with 
Dorr agitators for supplying large quantities of air to the pulp 
when treating ores or concentrate requiring an unusual degree of 
aeration. 

Pachuca. —The Brown or Pachuca agitator, as it is most 
commonly known, originated in New Zealand in the early days of 
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cyanidation, the invention of F. C. Brown, It later became 
popular in Mexico, and to a limited extent its use has spread to 
other countries. 

The Pachuca agitator is an all-air agitator which consists of a 
central stationary air-lift pipe in a circular cone-bottomed tank 
of varying dimensions, usually from 5 to 18 ft. in diameter and 
20 to 60 ft. in d(‘pth. 

Relatively large quantities of high-pressure air are required, 
and with some ores considerable difficulty results from the 
building up and sloughing oflF of solid mass(‘s from the tank sides. 
The licught of th(» Pachuca is a further disadvantage* and usually 
necessitates pumi)ing of the })ulp. 


Pachiu’A Agitato ns 
(Air-consiirnptioii data from praotircO 


Si/iO, 

C\ibi(^ feet 
air per 
iiiiiiuie 

Air 

pressure 

Dilution 

i 

j_ 

Cubie feet 
jiir per 
1000 eu. ft. 

! tarik 

16 by 45 

r>s 


1 0.0:1 

7.0 

15 by ()0 

122 

42.5 

i 1.2:1 

11.0 

18 by 22 

79 

38 

i 1.4:1 

116 

15 by 40 

70 

14 

1 

0.0 






CHAPTER VII 

SAND TREATMENT 

Ores m.ay he separated into sand and slime, and the sand leached hi/ 
upward or downward as well as upward and downward percolation of 
cyanide solutions. Leaching practice has decreased in recent years iriih 
the development of closed-circuit grinding and now is seldom incorporated 
in new plants. 

Ores are known which need only to he crushed coarsely to in., and 
the whole leached. Deposits of ore amenable to coarse crushing, however, 
are rare. The gold must he on cleavage planes or in the camties left by 
previous natural leaching of the ore in place.. 

Sand leacdiing is carric'd out in vats ranging in rapacity from 
30 to 900 tons. Sand for leaching is separated from slime in 
cones, V-boxes, classifiers, and in colk^cting vats filled by dis¬ 
tributors—the overflow in each case being slinu'. As a rules 
leaching is a simple process, the objective being a vat of well- 
mixed neutralized sand, ample contact with strong and wa^ak 
cyanide solutions, water washes, aeration of the sand and solution 
and rapid filling and discharging. It is a chcaip and effec'tive 
process for clean ores wh(?n fine grinding is not netressary to good 
extraction. 

Classification for Leaching. —^^Fhe importance) of classification 
prior to leaching cannot be overemphasizfal. Sands that are 
essentially free from colloidal material behave quite differently 
from the same type of sand w-ith a small percentage of colloid. 
The two following examples from plant practice are illustrative. 

The Golden Cycle mill at Colorado Springs, Colo., grind roasted 
siliceous ore in Chilean mills through 20 mesh before sand-slime 
separation at about 200 mesh. Prior to the d('V(dopment of the 
Dorr bowl classifier at this plant, this se|)aration was made in 
Dorr classifiers which produced a sand containing about 15 per 
cent minus 200 mesh, with an appreciable amount of contained 
colloid. The leaching rate in the sand tanks varied from 0.7 
to 1.4 in. per hr. 

Following the adoption of the bowd classifiers, which produced 
practically colloid-free sand, the leaching rate increased to about 
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10 in. per hr., and leaching results were much more uniform. 
The following is a typical screen analysis of the bowl-classifier 
sand when the overflow contained 2.6 per cent plus 200 mesh. 

4-30 mesh — 6.7 cumulative 

4-60 mesh — 53.2 cumulative 
4-100 mesh — 73.2 cumulative 
4-150 mesh — 84.2 cumulative 
4-200 mesh — 96.0 cumulative 
—200 mesh —• 100.0 cumulative 

Th(* IlomeMake Mming Company grind tlu'ir ores in (closed cir¬ 
cuit with rod and ball niiUs through about 80 mesh and, following 



Ficj. .37.—Golclon Qiiocn Mining Company. Mojavo, California; showing Type A 
Dorr agitators (filled; and I.»orr cenire-piur thiekcnerH (partially filled). 


amalgamation, make a sand-slime separation at about 2 per cent 
plus 200 mesh. In their new plant, I3orr bowl classifiers make 
this separation prior to leaching and slime treatment. The 
Homestake ores contain an appreciable amount of pyrite which is 
gold bearing, and the bowl classifiers are adjusted to produce a 
maximum of — 200 mesh granular material in the sands, including 
very fine pyrite, but to remove all colloidal material. Even with 
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this unusually fine sand, excellent and uniform leaching results 
are obtained at rates up to 2}4 in. per hr. in 11-ft. depth tanks. 
The following is a t 3 i)ical screen analysis of this sand: 


Typical Sizing of Sand 
(Cyanide 3 sand plant) 


Mesh 

Per cent 

Per cent 
cuinulMtive 

+50 

0.0 

0.0 

+80 

2.4 

2.4 

+ 100 

5.1 

7.5 

+ 150 

16.9 

24.4 

+200 

28.3 

52.7 

-200 

17.3 

100.0 


Fresnillo Leaching.—At Fn'siiillo, M('xi(H), according to W. E. 
Oawford, cited later, the pulp is si'parated into sand and slime. 

The sand plant, during normal operations, handles 17 jx^r cent 
of tlie total tonnage on the charge system, in five 60 ft. diameter 
f)y 16 ft. deep steel tanks, each having a cajiacity of 1815 tons 
of dry material. The pulp is delivered to tlu* sump ahead of the 
tanks by a launder from the sand-slime separation plant. A 5-in. 
Krogh sand pumi) dischargivs the pulp from the sump into a 
diversion box coniiect(‘d to individual Butters distriliutors by a 
series of launders, arranged so that the sand can be div(*rted to 
any tank. The time of filling is 3 to 6 days, d(‘pending on the 
amount of sand produced in the mill. 

When the tank is full it is allowed to drain, and a strong bath 
(xmtainirig 0.25 per cent KCN and 0.05 per cent CaO is added. 
This wash is normally continued for 5 days. After the strong 
solution has been draiiu'd off, the sand is given a bath of weak 
solution containing 0.075 per cent KCN and 0.05 jmt cent CaO 
for a period of 5 days. Finally, a water w^ash of 660 tons is 
added. 

After draining under a low' vacuum the tank is discharged on¬ 
to conveying belts through chutes; contract labor is used to 
shovel the sand which wdll drop through the chutes by gravity. 
At the end of the conveyor belts the sand is mixed with the slime 
discharged from the filter plant; the combined tailings flow by 
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gravity to the tailings pond, where they are impounded. The 
sand has 14 per cent moisture when discharged from the tank, 
i\\\w \ow moisture helping to conserve water. 

Homestake Leaching. —^Although it is finely ground in water 
Bomestake sand can be cyanided by gravity leaching to yield 
more than 80 per cent of the gold. Sieve analyses and assays 
reveal that the Gner the sand (minus 200 mesh) the higher the 
extraction (90 per cent), compared with 54 per cent of the i^lus 
50 mesh, which is a small part of the total. 

Leaching is done in two sand plants, one with four vats 55 ft. 
in diameter by 13 ft. deep, the other with 19 vats 44 ft. in diam¬ 
eter by lOH ft. dec^p. They are filled through Buttcrs-Mein 
distributors. Lime is added to the pulp as it knaves the final set 
of classifying cones. The filter bottom consists of the usual 
wooden frame covered with coco matting and 10-oz. canvas duck. 

A sieve analysis of a charge, cumulative on each mc‘sh, is as 
follows: 7 per cent on 100 mesli, 24 per cent on 150 mesh, 53 per 
c(?nt on 200 mesh, with 47 per cent passing 200 m(\sh. 

Repeat(Hl a(?ration is essential to maintain enough oxygen 
in the solutions to effect extraction, according to A. J. Clark in 
E. and M.J., Oct. 12, 1931. This is done by introducing low- 
pressun* air undc'r the filter bottom of the leaching vat. 

The leaching practicre is designed to effect a progrt'ssive enrich¬ 
ment of the solution before precipitation, the (affluent from the 
latter part of a treatment being strengtluMied but not i)recipitated 
before b(dng returned to the top of another charge. Solution 
atul zinc, are conserved by this system. The total solution 
used amounts to only J 2 ton per ton of sand. The water draining 
from tla' newly filled charge contains sulphates and thiosulphates. 
After the second aeration, when cyanide solution has been added 
to th(‘ top, th(\se compounds appear in larger quantity. Later, 
they an? followed by thiocyanates, which in turn are followed by 
•the first traces of cyanides. Gold appears in the effluent soon 
after the first trace of cyanide is noted. Thiocyanates, the 
main source of cyanide loss, are stable compounds, but although 
they build up in solutions, they do not iiffcct extraction. 

An extremely low alkalinity is favored. A cyanide of 49 per 
cent NaCN equivalent is used. Strong solutions carry 0.08 to 
0.09 per cent, and the effluent 0.035 per cent. Cyanide con¬ 
sumption is ^ 4 lb. per ton treated. 
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A typical sand-leaching cycle follows: The charge of 664 tons 
assayed $2.51 gold per ton and after treatment 45 cts., giving an 
extraction of 82.1 per cent. 


Sand-trbatment Cycle at the Homestakb 


Operation 

Period 

Iteinurks 

1. rilliriK. 

Hours Minutes 
8 20 

Pulp contaiiiiug 4.3 per eenl solids joins 

2. First draining. 

15 40 

discharge of linn* mill and cntcrH watv*r- 
fillcd vat through nuttcrs-Alciii dis¬ 
tributor. Overflow, after cluri(it;aiii>>i, 
is reused in clussiliters 

Effluent wasted 

3. First aerating. 

14 

Gage pressure, Ol-j lb.; bottom solution 

4. Strong-solution leaching. . . . 

10 

valves clufK*d 

Hate, l?'^in. per hr.; solution strength. 

5. Second draining. 

12 

0.09% NaCN; gold m solution, $1.94 
per tun. Displaced moisture wasted 
Efibient wasted 

0. Second aerating. 

11 

Gage pressure, 7 lb,; bottom solution 

7. Strong-solution Icuchiiig. . . . 

14 

valves elosed 

llute, in. pi‘r hr.; solution stretigth, 

8. Third draining. 

10 

O.fW % Nu(*N; gold in solution, S2.30 
tH*r ton. Effluent low-solution sump, 

followed by precipilatioii and wasting of 
barren solution 

Effluent to w’euk-solution sump, follow(*d 

t». Third aerating. 

10 

by precipittition; barren solution to 
storage for reusi^ 

Ciage pressure, 7 Ib.; bottom solution 

10. Weak-Holution leaching. 

12 

valves closed 

Solution strength, 9.06.') per eeiit NaGN; 

11. Washing. 

29 30 

gold in solution, 1 rent iier ton. Efflu¬ 
ent to weak-suliition sump, followed by 
prc'cipitatiim, and diseburge of barren 
solution to storag** for reuse 

Hate, 1^4 in. p(*r liour. Eflliienl during 

12. Sluicing. 

1 30 

first 0 hr. to weak-solution sump, fol- 
low'ed by preeipitatioii and discharge of 
barren solution to storage for reuse. 
Effluent during next 21 hr. to strong- 
solution sum{) for reuse. Effluent dur¬ 
ing last 2>*i hr. to low-solution sump, 
followed by pre<-ipitutioii and discharge 
of barren solution to waste. Wash 
water from cone overflow 

Total. 

154 hr. or 



0 4 djiys 



Golden Cycle Leaching. —At the Golden Cycle, Dorr bowl 
classifiers with 15-ft. diameter bowls and 6-ft. wide rakes make 
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a sand-slime separation as shown in the accompanying table. 
Classifier feed amounts to 1200 tons per day, and about 1200 tons 
of solution backwash are used on the sand deck. 



Fit*. 38.—Interior, Homo.stiikc Mining Conii>iiny, Load, South Dakota, showing 
tuainoior iA)rr oowi ojassiiiors. 


SaND-SLIMK SkPAUATIO.V at (»t)l.l>KX Cyi'LK 


Tyler standard size 


Percentage 


F(mhI 

Sand 

Slime 

On 14-niesh soroen. 

0.2 cum. 1 

0.2 cum. 


On 16-niesh scret'n. 

0.9 

0.8 


On 20-niesli screen. 

5.7 

7.4 


On 30-nie.sli screen. 

19.8 

33 7 


On 40-inesh screen. 

30.4 

52.8 


On (iO-inesh scnMMi. 

53.2 

85 3 

0.8 cum. 

On 100-inesh screen. 

50.7 

92.7 

3.5 

On 150-inesh screen. 

03 3 

98.0 

15.9 

On 200-nH\sh screen. 

09.3 

99.4 

29.1 

Throiigli 200--inesh scretMi. 

100.0 

100.0 

100.0 

Moisture. 

80.7 

23 3 

93.8 


The sands are conveyed to 10 leaching vats 50 ft. by 9 ft. 
9 in. deep with a capacity of 900 tons each. The initial leaching 
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period is 48 hr. with solution containing 2 lb. cyanide per ton. 
This solution goes to the precipitation presses. Sand charges 
are drained and aerated at least four times for 8-hr. periods during 
the 6- to 8-day treatment cycle. Barren-solution washes and a 
water wash follow. Two men using 2^ 2 -iii. hose and using water 
at 120-lb. pressure discharge the vats in 3 '2 br. 


fAero fed M/of/on 



Fig. 39.—Aeration of aolutitin and subaoratif)n and vaennrii drainage of Band 
charge at Government Gold Mining Areas Plant, Transvaal. 


Rand Leaching. —In livl.y l.M. and M., April, 1935, T. K. 
Prentice tells of practice at the plants of the Central Mining- 
Rand Mines group which milled 14,700,000 tons of ore during 
1933. The percentage of ore treated as sand is 47. It averages 
2.884 dwt. gold per ton, and 5 per cent is coarser than 48 mesh, 
46 per cent finer than 48 and coarser than 100 mesh, 35 per cent 
finer than 100 and coarser than 200 mesh and 13 per cent finer 
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than 200 mesh. A clean sand is made in 8- by 8-ft. cones the 
underflow of which is fed to sand collectors 40 to 55 ft. in diameter 
and holding 400 to 850 tons of sand each. These tanks are 
filled by distributors or by lengths of 6-in. hose. The over¬ 
flowing slime from con(\s, classifiers and sand (•ollectors gravitates 
to slime collectors. Tlie sand collected weighs 23 to 21 cu. ft. 
per dry ton and after draining contains 12 per cent moisture. 
Unk^ss cyanidation is doiici in the colk^ctor, the sand is transferred 
to a treatm(?nt tank immediately below the collector or on the 
same level adjacent to it. Treatment lasts 4 to 7 days with 1.7 
tons of solution per ton of sand, the strongest solution being 
0.12 j)(*r cent cyanide. Solutions of medium strength and of low 
strength follow. When^ treatment tanks are superimposed, half 
of the cycle is doiie^ in each level. Additional aeration is thus 
obtained. Hie syst(‘m for aeration of se)lutie)n and subaeration 
and vae'uum drainage of a sand charge on the Rand, shown in Fig. 
39, is dejscribed by F. Wartenwedler in Trans. 112^ A.IM.E., 1934. 

LEACHING COARSE ORE 

Metallurgists probably remember tlie simpler and satisfactory 
tre»atme‘nt e)f $2 ore of the Wasp No. 2, South Dakota, and of 
$4 e)re^ e)f ihv. Bornee) Company in Sarawak. Oushed to about 
4 mesh, these ore\s were* cyaiiided at low cost and fair extrae*tie^n. 
Ne)w the Memntain Copper Company, at Matheson, Shasta 
(^ount.y, Calif., is crushing, screHriing and leaching 700 tons a day 
of gold-bearing ge)ssan. 

Mountain Copper Company. —The results of careful sampling 
and tests inade^ in a 4-ton plant j)roved the ore to average $1.85 
per ton and that an extractiem e)f 75 to 87 per cent ce)uld be 
obtaine'd by simple' k'aching. No fre'c gold has been detected. 
The gossan consists e)f lime)nite and epiartz and is porous and 
friable. It also contains 0.4 per wni copper, a little arsenic and 
mercury, 50 to 55 per cent iron and 5 to 10 per cenit silica. The 
material we'ighs 104 lb. per cu. ft. It is mined by electric shovel, 
haiileHl in 8-ton motor trucks to a rail grizzly, crushed by a 
Buchanan jaw lireaker and Anaconda type rolls and screened, 
producing ine»sh material. According to G. J. Young in 

E. and Af.J., June 22, 1931, leriching is done in 10 wooden vats 
25 ft. 8 in. diameter by 12 ft. deep, holding 276 tons each. The 
vats are filled by be*lt conveyors and trippers to within 3 in. of 
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the top, and settlement during treatment is 6 to 9 in. Solution 
inflow is started from the bottom upward when a vat is half full, 
the strength being 0.8 lb., NaCN equivalent, ‘Siero^^ cyanide, 
being used. All subsequent washes an' from the top. The 
treatment cycle follows: 


Leaching Cycle fou Gossan 


Solution 

: Strength, 
pounds 
NaCN 

Quantity, 

tons 

Period, 

houiv 

Strong. 

0 8 

195 

10 

Weak. 

0.5 

90 

24 

liarren. 

0 4 

i 

180 

2C 

Water. 

75 



! . 


Total. 

! 540 

i 

<■'7,'2 


Gold is precipitated on zinc dust, and the rt'action is (‘iilianci'd 
by the presence of dissolved mercury. Cleanup and melting 
follow standard practice, but the bullion is only 455 fine in gold 
and 180 in silver. Th(^ indicated extraction from $1.85 gossan 
was 73 per cent at a cost of 43 cents per ton tn'ated. (^hi'inicals 
(jonsumed were 0.344 lb. cyanide, 8.35 11). lime and 0.0257 lb. 
zinc. The quarry equipment cost $25,000, and the (cyanide 
plant $75,000. Thirty-one men are employed. 

Wasp No. 2. —The ohj treated was a quartzite with tlu^ gold 
in the cleavage planes. It was crushed to 6 mesh by a Gates 
gyratory and Gates rolls, with scre(ms in (arcaiit. TIk' conveyor- 
filled wooden leaching vats, Avith central discharge gati^, held 
55 to 100 tons and treated 105 tons daily. Cvharging ocimpied 
2 to 2} 2 hr., and discharging by sluicing 2>2 lo 3 hr. The hiach- 
ing cycle was as follows: 


LeaI’HING CyCI.E FOK (illAKTZITK 


Solution 

Strength, 

pounds 

KCN 

Quantity, 

tons 

Period, 

hours 

Strong. 

G 

15 

3 to 4 (standing) 

Weak^'. 

2 y 2 to 3 

40 t(j 50 

Water . 

G to 9 





Total. 

. ! 70 to 75 

9G to 100 
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According to C. H. Fulton in The Cyanide Process in the Black 
Hills of South Dakota, 1902, actual extraction was 80 to 85 per 
cent at a cost of 83 cts. per ton. Cyanide consumption was 
0.63 lb. per ton ore, lime 23^^ lb. per ton solution and zinc shav¬ 
ings 0.9 lb. per oz. bullion. 

LEACHING OF CLAY ORE 

Bidi, Sarawak, Borneo. —To solve tlu' prol)lem of treating a 
clay ore in which the gold was finely disseminated, the author 
was abl(^ to sugg(\st a uniciue method which he had seen described 
twenty-five years previously in a paper, Occurrence and Treat¬ 
ment of Gold Ore at Bidi, Sarawak, Borneo,” by T. C. Scrutton, 
which appeared in Trans. 15, 1905-1906, in which clay 

ore was treated by leaching in relatively large lumps. Its 
successful application in this instance is our justification for 
including a detailed description of the method in the present 
volume. 

The auriferous deposits at Bidi consist of a stjri(^s of uncon¬ 
nected hills lying upon the weathered surfaces of lim(‘stone. 
These hills consist of clays and earth containing bouldcTs of st one 
or varying structure—pure silica, silicifii^d sandstom's and shales. 
Th(i clays and earths (;arry from 2 to 15 dwt. gold per ton, ax'orag- 
ing 5 dwt.; the stone, from 3 to 30 dwt. per ton, averaging 8 dwt. 
The proportion of stone* to clay occurring in the (h'posits is 
roughly 1 to 5. 

The ore is tramm(*d to the* six e)re bins, ’'fhe* clay ore bins are 
four in number, and their arrange*ment constitute\s an important 
feature in the* direct tre*atment of clays. 

To (lue)te Scrutton : 

To obtain rapid and easy leaching of the clayey material, it is neces¬ 
sary 

1. To keep the fine earthy and sandy material separate as far as 
possible from the more plastic clayey material and to treat the two 
separately in different vats. 

2. To ensure that all earthy and clayey material, when charged into 
the vats, is in the form of balls firm enough to maintain their form when 
charged into the vat and of a size varjdng from 3 in. in the case of the 
clayey material to in. in the case of the finer. 

The first of these conditions is attained by providing four separate 
clay bins and carefully selecting the material from each according to its 
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tendency to break up and form fines or to agglomerate and form 
balls. 

Tlic second is provided for by running tlie clay from the tippler down 
to a fan-shaped chute, about 40 ft. long and inclined at (50 deg. into the 
ore bin; thus the masses of clay are broken up and formed into balls by 
rolling down the chute. The wetter and more plastic the clay treated 
the longer and steeper must this chute be to ensure the clay’s being in a 
h?achable condition on arriving at the ore bin. The clay ore bins are 
rectangular and discharge through bottom sliding doors into wagons 
running below. 

\'ats .—The leaching vats are 30 in number, IS of 100 and 12 of 50 
tons’ capacity; the former are (5 ft., and the latter 3 ft. deep, all of 
27 ft. () in. diameter. They arc constructed of mild steel plates, 
riveted with J^-in. rivets, l:^^-in. pitch. 

Charging, —Side-tip wagons arc employed and are filled direct from 
the stone and clay ore bins, whence thtw are run direct (»ver the vats 
and tipped; two pairs of rails run over each vat, arranged at such a dis¬ 
tance a])art as to reejuire a minimum amount of sho\'cling to level off the 
material in the vat. 

I'he following are the principles regulating the method of charging: 

1. Clay must be charged in layers not more than 3 ft. deep; if this 
depth be exceeded, difliculties are experienced in leaching and washing, 
resulting in imi)aired extraction. 

2. C/oarse material must be kept separate from fine to ensure good 
leaching. 

3. In the event of charging two different classes of stone and clay 
into the same vat, the oi)eration must be conductf^d so as to leave the 
material as far as possible in horizontal, not vertical, layers. 

In the case of the 5()-ton vats, which are ordy 3 ft. deep, they 
are filled with clay from one ore bin, no further precautions being 
necessary. 

With the 100-ton vats, in order to treat as large a quantity of clay as 
possible, sufficient clay is charged into the liottom of the vat to form a 
layer 2 ft. deep; this is then leveled off, and sufficient stone charged to 
form a layer 1!^ ft. deep; this having been leveled off, the vat is filled 
to the top with clay, giving an upper layer of 2 ft.; thus the layer of 
stone, by forming a porous bed in the middle of the clay, prevents the 
formation of channels throughout the whole mass and, by separating 
the clay into two thin layers, renders leaching comparatively easy; by 
charging in this manner equally good extractions are obtained from the 
clay treated in the large as in the small vats. 

To ensure obtaining tlie correct tonnage, it is necessary to fill the 
vats until the clay stands about 2 in. above the top of the vat, as the 
material when properly charged lies exceedingly loosely and, after 
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solution has been on for a short time, sinks down to 9 in. below the top 
of the vat. 

Dischargirig .—This is effected in the usual manner by shoveling the 
material through four bottom-discharge doors into wagons running on 
two lines of rails belf)w the vats. 

TreMin<mt.—T\\i^. usual treatment for lOO-ton vats occupies 10 days 
and gives the following results: 

Charge. 

Discrhargo. 

Extraction. 

KCy consniiiption 

The solutions used are: 


Strong solution, contairiirif];. 0.07% KCy 

Sump solution, containing. 0.05% KCy 


These solutions have to be kept at a definite standard of alkalinity, 
which is effected iiartly by jiutting a certain (juantity of lime into each 
wagon at the bottom of the main incline and partly by the addition of 
soda to the surniis; the (piantities of each used are regulated by the 
working of the zinc boxes. The average consumption of lime is S.8 lb. 
per ton, and the maximum amount of soda usually added 0.14 lb. per 
ton of solution. 

So long as this standard of alkalinity is carefully maintained, the 
solutions give very little trouble. If, however, the alkalinity gets too 
high, the solutions become dirty, foul smelling and full of arsenic and 
antimony; if too low, the consumption of cyanide is so great as to show 
no preeijntate w ith AgNOa after once running through a vat, extraction, 
of course, suffering accordingly. 

Hie first filling of strong solution is put on by very slow’^ upw’ard 
leaching, so as to disturb as little as possible the fine material lying 
loosely in the interstices between the larger balls of clay. The vat is 
gradually filled by this means, the operation, if j)roperly conducted, 
occupying about hr.; as the charge in the vat liecomes soaked in solu¬ 
tion it settles dowm, finally sinking to about 9 in. below the top. About 
ilO tons of solution is required for the first filling, but of this only about 
20 tons can be drained off, the remainder being absorbed by the clay. 

The vat when full is shut up and allowed to soak for 4 hr.; it is then 
otHJued and allow^ed to drain at such a pace as to ensure its being just 
dry in another 4 hr., when it is pumped up again, the solution being 
run on to the top of the charge, and the vat leached by gravity in the 
usual manner. This alternate filling by dowmw’ard leaching, soaking 
and draining is carried on until about 150 tons of strong solution has been 
put on the vat, i.c., for about four days. 


5.4 dw't. 

1.2 dwt. 

78% 

0.97 lb. per ton 
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Sump solution is then substituted, the first filling being put on by 
upward leaching, and the subsequent filling by downward leaching, in 
the usual manner. The effect of using slow upward leaching in the 
middle of the treatment is to lighten the charge and form new channels 
for solution by altering the direction of pressure. 

The downward leaching is continued as before until about ISO tons 
of sump solution has been given. This usually occupies aliout 5 days; 
the actual time of treatment, however, is judged by the amount of gold 
extracted according to the solution assays. When the solutions coming 
away contain only H dwt. per ton of gold, a final water wash is given, 
and the vat discharged. 

In order to ensure a regular flow of solution through the zinc boxes, 
it is necessary to divide the vats into two lots, one lot being drained 
while the other is soaking. 

After repeated trials the foregoing method has been found to give 
the best results for clayey material charged direct into vats, (liven 
that the material has been properly charged into the vat, solution of 
the gold takes place almost immediately, on contact with the fresh 
cyanide solution, the metal being in an ex'tremely tine state of sul)- 
division, and lumps of clayey material containing only al)out Jb per cent 
moisture being readily periiieable by solution. 

Practically, the total gold contents of the clays are dissolved by the 
cyanide; this was shown by taking a number of samples of the material 
discharged from the vats and applying repeated washings of water; by 
this means alone a final extraction of over 95 i)er (;ent was obtained. 

The problem, then, in order to ensure good extraction, is to wash out 
the auriferous cyanide solution which has beem absorbed by tlie balls 
of clay. This cannot be effected l)y direct washing, in the ordinary sense 
of the term, the lumps of clay being only very slightly j)ervious, and 
the interstices forming easy channels for solutions; but it must be 
brought about by diffusion between the solutions rich in gold remaining 
in the dissolved clay, and the solutions containing practically no gold 
being pumped into the vats. 

In order to obtain the best results, the point to bo aimed at is to give 
the charge as much fresh solution as possible, consistently with sufficient 
time of soaking to allow of a certain amount of diffusion between the 
fresh solution and the auriferous solution remaining in the clay; pro¬ 
longed soaking has not been found to give g(K)d results, doul)tless owing 
to the slower diffusion of liquids carrying nearly the same quantities of 
gold in solutions, as compared with those differing widely in gold values. 
There is, however, a decided limit to the amount of soluticui which can 
be used, as it has been found that unless a sufficient time of soaking be 
given to allow the new solution to permeate the whole of the charge, 
the extraction suffers considerably, the new solutions coming away by 
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certain easily formed channels and absorbing very little of the richer 
solutions contained in less readily permeable parts of the vat. 

Likewise slow draining off, i.c., at the rate of 5 tons solution per hour, 
is a necessity. If this rate be exceeded, a much larger proportion of 
moisture remains in the vat, doubtless on account of the solutionis 
descending too quickly into the vat to allow the small particles of solu¬ 
tion lying in the intersti(;es to agglomerate and descend with the mass 
of liquid; they are accordingly cut off ))y the air and left. 

Extractor Home ,—The precipitation is effected in tlic usual manner 
by zinc shavings, the zinc l)oxes being If) in numl)er and containing 
in all 930 cu. ft. zinc. At the rate of flow given this allows 1 cu. ft. zinc 
for I ton solution per 24 hr. 

Considering the large amounts of antimony and arsenic contained 
in the charge, the precipitation gives ver>' little trouble, though fronj 
time to time the solutions become abnormally foul, and the precipitation 
is impaired. 

When working satisfactorily, 0.5 per cent cyanide solution entering 
at 2 dwt. i)er ton is reduced to 3 gr. 



CHAPTER VIII 


SLIME TREATMENT 

Slime treatmerUj an commonly used by metallurgical engineers^ includes 
Ihickenirtg, agitation and. fdlering ami as applied to cyanidation also 
includes washing by count ere urreiU decantation {C.C.D.) or filters. 

Slime” is the general term used to describe the Jiner portion of pulp in 
a comlnnation sand ami slime-treatment plant and is vsually finer than 
100 mesh. The so-called ^Uill-slimr ” type of plnrU is that in which rll of 
the ore is ground through a relatively fine mesh such as 1<X) mesh and 
■where no separate treatment of sarul amt slime is prmnded. 

E(iuipment used ami methods employed arc discussed, tnih examples 
from practice. 

THICKENING 

General. —Thickening or dewatering may b(' de^fined as the 
removal of a portion of the liciuid from a pulp or slime made up 
of a mixture of fiiudy divid(‘d solids and liquids. 

Th(i early m(‘thods of thick(‘ning employed plain, flat-bottomed 
tanks into which tlu; pulp was fed until the tank was full. The 
solids were then allowed to settle as long Jis recjuin'd, the top 
liquid was decanted, the settled solids wiui' discharged and the 
operation was repeat(?d. Such settling was usually carried out 
in a number of tanks so that a regular cycle of filling, scuttling 
and discharging could be maintained. Lat(*r it was found that 
fet'ding the tank behind a baffler allowcnl some decantation of 
clear liquid while still f(*eding, and this also was introduced. 

Attempts to make thickening continuous, by using hopper- 
bottom tanks or cones, were not tuitirely successful. In these 
tanks the feed ran in continuously, set,tl(‘d solids were drawn 
off through a spigot and solution overflowed continuously at the 
top of th(^ tank. The chief drawbacks to this method were the 
multiplicity of units required and the fact tliat settled solids 
hung up on the sloping sides which made it extremely difficult 
to obtain anything approaching a discharge of uniform density. . 

Dorr Thickener. —The invention of the Dorr thickener made 
possible the continuous dewatering of a dilute pulp whereby a 
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regular discharge of a thick pulp of uniform density took place 
concurrently with an overflow of clarified solution. 

Scraper bladcjs or rakes, driven by a suitable mechanism, 
rotating slowly over the bottom of the tank, which usually slopes 
gently toward the center, move the material settled on the bottom 
to a central opening or discharge. The rak(‘s nivolve at a speed 
sufficient to move the material as fast as it settles without enough 
agitation to interfere with settlerne^nt. 

Dorr thick(iners are used in the metallurgical field to thicken 
prior to agitation and filtration, in the countereurnMit washing 
of cyanide slime, for thickening ahead of flotation, for thickening 
concentrates and for dewatering tailing to recover the water for 
reuse in the mill. 

The standard eonstmction of Dorr thickener rneelianisms is 
of iron and steel. tanks are usually niad(^ of steed or wood 

for m(‘dium sized machines, but in the larger siz(^s th(^y are often 
constructed of concrete or earth or a coml)ination of these 
mat(‘rials. Various types of Dorr thickeners, which it is unneces¬ 
sary to d(\scrib(» h(»r(‘, are available for specific; uses, including 
eonstructioivs to n^sist corrosion. Power n*c|uirements are low, 
about ! 2 hp. for thickeners h\ss than 50 ft, in diameter. Attond- 
jince and re])airs are also low. 

Figures 41 and 42 illustrate the devedopment of the original 
central-shaft tyi)e of thickener from one using superstructure 
to th(' pr(\s(»nt Ix'ani tyi)e of sui>i)ort whereby h(;adroom is saved 
and an improved ni<'(diaiiism running in oil is made conveniently 
accessible to the operator. 

ddu' Dorr tray thivkcnrr (Fig. 42) has been developed to meet 
the definite dt'inand for large* settling area in limited space. Each 
compartment increas(\s the capacity approximately to the same 
d(‘gree as an additional thiek(*n(*r unit, of the same size*, withe)ut 
increasing tlie floor space required. The tanks are elivided into 
two or meire se'ttling ce)inpartments by means of ste*el trays or 
eliaj)hragms suspe*nde*d from the* side's. The mechanism is made 
up of a ce'iitral vertical shaft, drivem by we)rin ge'ar anel with 
radial arms attache*d above each tray, ddic'se arms carry plow 
blade's s(*t at an angle*, jind as the mechanism slowly revolves they 
move the settled material te) a discharge opeaiing at or near center. 

Seve'ral type's of tray thickeners have been developed, classified 
according to the arrang(‘ment of feed and discharge in the various 
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compartments. Probably the most generally applicable is the 
balanced-type tray thickener. In this each compartment has a 
separate feed and overflow, but the settled solids from all com¬ 
partments are brought together and are discharged through a 
central outlet from the bottom com]mrtinent. 

The Dorr traction thickener is the ty])e most frequently used for 
lieavy-duty work with large tonnages. The machine is so called 
because the thickening m(‘chanisni is driv('n by imMUis of a trac- 



Fig. 40.—Dorr traction thickener. 


tion whc'cl winch trav(*ls around the periphery of the tank on a 
rail. The mechanism, which is slowly carried around the tank 
as the traction whe(»l travels, consists of a truss to which are 
attached the raking blad(‘s which sweep the floor of the tank. 
This truss is supported at the center of tlu^ tank by a column. 
Power is brought in through a conduit which comes up through 
this column and is carred out along th<^ truss to the drive unit 
which operates the traction wheel (see Fig. 40). 

The Dorr Torq Thickener is a new development in the 
unit thickener field and is illustrated in the photograph of an 
8-ft. diameter model in Fig. 41. The raking mechanism is 
supported from a stationary central pier on which the driving 
motor and gear reduction are mounted. The feed may be intro¬ 
duced at the center through a launder suspended above the top 
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of the liquid level or by means of a siphon feed through the hollow 
central pier. In addition to compact strength provided with 
the central pier construction, the machine is characterized by a 
new rake-lifting feature whereby when overloaded the rakes rais(i 
backward and upward at an angle to clear the overload and at 
the samc^ time maintain a full raking load until the overload is 
removed and tlie rakes iissunu^ their normal position. Figure 
41 shows the model rak('s in a raised position such as would be 
assumed under very heavy tn^^rload in i:)raetiee. 



Fkk 41.—Model of Dorr Torq thickener. 


The Dorr washing thickener is of the multiph^-tray type^ and is, 
in eff(*ct, a complete countercurrent decantation plant in a single 
compact unit. It is adapted to the needs of the small chemical 
and metallurgical plants \vhere a relatively small tonnage of finely 
divided solids must be washed free from a solution in a minimum 
space. Four to five stagevs of washing are usually provided in 
separate tray compartments. 

Multiple-stage washing is effected by operating the tray com¬ 
partments in series rather than in parallel. Feed enters, and 
strong solution leaves the uppermost compartment. Washed 
solids arc discharged from the bottom (compartment. Solids, 
after each successive settlement, gravitate from one compartment 
to another through sludge seals in each tray. Wash water, 
introduced in the bottom compartment, rises successively through 
the compartments in a direction countercurrent to that of the 
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sludge. One tall thickener thus does the work of several rela¬ 
tively shallow thickeners of the same diameter. Floor space is 

I 





Fig. 42.—Original Dorr thickener, installed at Mogul Mining Company, Pluma, 
South Dakota, 1900. 



J'lG. 43. -Type ATB, Dorr bahineed-tray type thickener. 


conserved, heat insulation is simjde and ('fft'ct and power is 
redupcd. Fiirlhorinorc, all control of the wasliing oiMiration is 
centered at a single |)oint. 
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Diaphragm Pump. —The diaphragm pump is essentially one for 
low lifts and is particularly adapted to handle metallurgical pulps 
economically and with minimum attention. The Dorreo 
diaphragm i)ump was devciloped primarily as a means of con¬ 
trolling th(i diuisity of the underflow from the Dorr thickener. 
It has proved the most satisfactory method of accomplishing this 
because of its positive, uniform displacement, which can be 
regulat(xl at any rate of flow within the limits of its capacity. 
When th(‘ underflow from the* thickener is too thin, a simple 
regulation of the pump will decrease th(i rate of discharge until 
its density is correct. Once the pump has b(‘(ui rc'gulated it is 
seldom ne(‘(‘ssary to chang(‘ the adjustment unhsss there is a 
(h^cided change* in the feed to the thickener. Cord diaphragms 
construct(;d on the* same; principle as cord tires give appreciably 
longer life* tlian the original fal)ric construction. Diaphragm 
])uinps of diffe*rent typers are available frenn several manufacturers. 

Genter Thickener. —The C3(‘nter thickener is a filter thickeiu*!* 
whe*re^in tlie* se)lids are reunov(*el from suspt*nsion by filtration and 
tlie^ e;lear liejue)!’ is ))ass(‘d through a filter me^dium which retains 
the^ suspe‘nele*d solids on its exte*rior. The* soliels, in e^ake form, 
the*n dre)p |)e*riodicaliy and automatically to the bottom of the 
thicke'iie*!* tank and are^ me)V(*d to a central diseduirge* pe)int by 
means e)f a slowly r(*volving rake^ mechanism (se't* Fig. 44). 

The filt(*r are^a is subelivide*d into se*\e*ral cylindrical fiit(*r 
e*leme*nts plae*(*d in groups in supporting frame's whiedi are* 
ass(*mble*d around a filtrate*-collecting r(M*e*iv(*r with automatic 
valve* e*e*ntrally plae'e*el in a circular tank uj) te> 18 * 2 ft. in diameter. 
Tlie* e'Titire tank is fille'd with pulp, thus ke*e'ping the filte*r tubes 
constantly subrnerge’d while* the thickener is in operation. The 
filte*!* e*le*me*nts, the'ir supj)orting frames, the e'cntral automatic 
valve beuly and the? filtrate-coll(*cting re*ce*ive*r are* stationary. 
An automatically operated valve plug in the ce*ntral vah e body 
anel the* discharge* rake*s are the emly moving parts. 

’’rhe* tubular elements are e)f woe)d, ce)rrugated and slightly 
tape*ring. The*y are covereni with a sack of suitable filte*r fabric. 
Ordinarily, Ge*nter thie*ke*iiers have 16 or 32 tube* frames, radi¬ 
ating from the central valve* Inxly. 

In operation, a vacuum pump is connecteel to the central- 
filtrate rece*ive*r, thus inducing suction on the interior of all filter 
elements. Seilution e)r filtrate is drawn through the fabric on 
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removes the cakt? of slime. The slime cakt? falls to the bottom of 
the tank and is raked out. 

This thickener has found limited application in metallurgical 
work because of its relatively high operating cost and the neces¬ 
sity for (constant attention wdiile in operation. 

FILTRATION 

Definition. —Filtration may be defined as the separation of 
liquids from solids by passing the liquid vehicle througli a porous 
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medium, which offers free passage to the liquid but refuses pas¬ 
sage to the solids suspended therein. Either the solid or the 
liquid constituent or frequently both may be products of value, 
and the ratio of liquid to suspended solids in the feed pulp may 
vary between extremely wide limits. 

Principles. —The principles of filtration include these con¬ 
siderations: (1) It is evident that a differential in pressure must 
exist on the two sid(^s of the filter medium. (2) It is rarely 
tru(i that the filter iiKHlium alone is capable of retaining all of 
the solids during the initial i)eriod of filtration; after formation 
of the initial thin cake operators usually deix'iid on the layer of 
solids rath(ir than upon the medium for the collection of the 
solids and clarificaition of the liquid. (3) Capacity, in terms 
either of solids filterc‘d or of filtrate (darified, is proportional to 
the time required for completion of the tmtin^ cycle, including 
cake formation, washing, drying and dis(‘harging. These, in 
turn, are primarily functions of the rate of flow of tin* liquid 
through the filtc^r cake. (4) The rate of flow' of liquids in filtra¬ 
tion is roughly proi)ortional to tin* pressure diff(‘rential and 
roughly inversely pro])ortional to tlie (*ak(^ thickness. 

In metallurgical work th(* filter is usually j)receded by a 
thi(^ken(*r to dewater the jmlp as far as possible* by gravity, thereby 
producing a uniform feenl and one on which tlu* filt(*r can operates 
at its gr(*atcst capacity and give best washing r(\sults. 

Filtration Media. —These may be divided into tw'o main 
class(*s—the fabric and the m(*tallic media. Of tlie former, th(> 
most (rornmonly used are of cotton, different weiglits of duck, 
twdll cloth and special w^eaves, sometimes ch(miically tr(*ated for 
s|)(*cial purpos(*s. Of the metals, th(*re arc* woven-steel and 
moru*l-metal screens and wire. The cotton ducks are satisfac¬ 
tory and are used mainly on pre.ssun'-type filt(*rs. The twill 
cloths are resist.ant to abrasion and are widely used on vacuum 
filters. The special weaves—chain, square and bask(*t—find 
th(*ir chief application on vacuum filters wh(*re high capacities 
must be obtained with coarse solids and a clear filtrate is not 
essential. Factors governing the selection of a filtering medium 
are: 

1. It must have mechanical strength and resistance to the 
solution to be filtered and have a satisfactory economic life. 
This determines the weight and type of the material. 
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2. It must produce a filtrate of desired clarity and retain the 
smallest particle in the feed. This determines the grade and 
weave of the cloth. 

Filter Cloth. —D. F. Irvin of Oliver United Filters coiitrihutc's 
the following additional information on filter ch)th: 

The texture of filter cloth as used in filters in (^yanidation for 
some years has been largely that of so-called twills, and in th(‘S(* 
cotton fabrics the weight usually runs from 15 to 17 * i oz. The 
texture as such would be difficult to describe except that it ])r()- 
duces a diagonal ribbing of chara(*t(»ristic appearance' wiih 
whitth all cyanide operators are familiar. Tliis is product u by 
alternately skipping certain threads in tlu' W(‘a\'iug which on th(‘ 
next threads are not omitted. 

At an earlier period th(' so-(*alled s(|uar('-w(*av(' duck fabrics 
W(‘re used, but they are distinctly unsui((‘d for tln.s work, being 
Ix'tter fitted to retain liquids than to ])(‘rinit th(‘ir passage*. 

In more retamt years there has been a t(*nd(‘ncy toward lighter 
material, and with bett(‘r gt'iuTal inuh'rstanding of filter fabrics 
this tendency may proc('ed still furtln'r. Meainwhih*, it nniiains 
a matter for determination by trial as to t he Ix'st fabrics in a giv('n 
cas(\ 

The price has fluctuated with conditions in tluj cotton-t(‘xtile 
industry since the summer of 1933. (huK'rally, the material is 
sold in make-up lengths as well as l>eing stitclu'd for a giv(*n width 
of filt('r in th(^ case of the Oliver machine. R(*ceiitly, staimless 
filter cloth up to 14 and 16 ft. in width has Ix'cn su])pli(*d. Much 
of this has be(m sold during the past y(‘ar in the South Afritran 
cyanide plants, and some in North America. There are certain 
obvious advantage's to a s('aml(\ss filU'r covf'r. 

Occasionally, material is sold in rolls for the mining company 
to make up its own covers, but the (xistomary practice is to l)uy 
the cover ready-made. In the case of th(^ Amc'rican disc; filte'rs, 
which use a spexdally tailonxi bag to cover the individual sectors, 
tlu^ (overs are made up to fit and are sold by th(^ dozen or oth(T 
convenient multiple. The bags used on the American filters an* 
occasionally heavier than the covers used on the Oliver filters 
because at times the wear is greater. 

As to the useful period for cloth on cyanide filters, wide varia¬ 
tion is rep(^rted. The longest life known is that on the Oliver 
filters at the Hollinger where the cloths now last 220 to 230 days 
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—a remarkable performance. From this figure of nearly 8 
months we go down through various periods, finding that ISO 
to 160 days is considered excellent life and that a good many 
plants afe obtaining 100 to 120 days. Where working condi¬ 
tions are severe, the life is less than 100 days, but possibly in all 
such cases means might be found to increase it. 

In removing lime encrustations by hydrochloric acid, 5 per 
cent is considered too concentrated for safety, and 2 to 2^ per 
cent is preferable, with reasonably frequent tn^atments, instead 
of stronger acids, being used at longer intervals. 

The frequency of acid treatment is a factor that varies con¬ 
siderably in different places. In Northern Ontario it is used 
much more often than in other places where lime concentration is 
less. In this respect it resembles the frequency of acid treat¬ 
ment necessary in the silver cyanide plants in Southern Mexico 
where cxtn'rnely high lime concentration pnjvails. 

Stage Filtration. —Two and sometimes three stages of vacuum 
filters have been us(‘d in series with pulping apparatus between 
each stage for washing pulp. Diluting liquid is added to each 
filter cake ahead of each reymlper. In some cases partial C.C.D. 
is (unployed prior to the filtration stage to reduce the value or 
grade of liquid going to the filters. Sometimes there are short 
periods of agitation between the filters. 

This method of working has been adopted by several of the 
Canadian cyanide mills, but its use has not becui general else¬ 
where. Operating costs are relatively high compared to C.C.D. 
or C.C.D. followed by a single dcAvatering filter. For examples 
see d(*scriptions of the Lake Shore, Wright-Hargreaves, Teck 
Hughes and Hollinger cyanide mills in Chap. XII. 

Filter Types. —Two types of filters are in use—those that 
employ pressure and operate intermittently, w^ith definite cycles 
for charging, washing and discharging; others that employ 
vacuum and operate continuously or intermittently, with 
synchronized feeding, cake forming, washing and discharging. 
Among the filter presses are the Dehne, Shriver, Merrill, Kelly, 
Sweetlant and Burt. Of these in current gold and silver metal¬ 
lurgy the Dehne has some use in Australia and the Merrill in 
North America and Central America. Among the vacuum 
filters in use today are the Moore and Butters leaf filter of the 
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intermittent or cyclic type and continuous revolving types such 
as the Oliver, the American and the Dorrco rotary filter. 

Pressure Filters. Dehne Press ,—The Dchne plate-and-frame 
filter press has satisfactorily filtered many millions of tons of raw 
and roasted slime in Australia, particularly in the Western state. 
At Kalgoorlie 100 of them and at one time 80 were treating 
100,000 tons a month. Their operation was described in detail 
by M. W. von Bernewitz in 1906 in Proc, Australian LM,E., now 
the A,I,M, and M, Most of these presses were of 5-ton capacity 
per charge. A few were hydraulically closed, l)ut most of them 



Fkj. 4.5.—An installation of Olivor filters at the Hollingcr Mill, Ontario. Canada. 


were hand closed. In their discharge much hand labor was 
used. They can be emptied slowly by reversing the washing 
valves and opening the filling valve. A few Dehne presses remain 
in use today at Kalgoorlie, on roasted ore; all of the others have 
been replaced by Oliver filters. Pressure filters are expensive in 
operation, and good results are dependent on careful attention 
and manipulation on the part of the operator. 

Merrill Press .—The Merrill filter press (see Fig. 46) is essen¬ 
tially a plate-and-frame press but is practically automatic in 
filling and discharge. Unlike the Dehne, the Merrill does not 
need opening save for renewing cloth or making other minor 
repairs. Along the median line at the bottom of the press, pass- 
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Slime-treatment Cyc’le at the Homestake 


OpcTtitiori 

Period 

llemarkn 


Hour Minutea 


1. Filling. 

1 25 

Disehurge from ciliidge preanure tank to 
presses eon tains 35 % solids. Gage 
pressure, 20 lb. KHIuent partly to 
waste and partly to storage for w’ashing 

2. Aerating. 

30 

Gage pressure, 25 lb. Effluent to waste 
and to storage 

3. raekiiig. 

15 

Effluent to waste and to storage 

4. Strong-Bolutioii Icuehing. 

30 

Lixiviant: 0.055‘ i, NuCN; $1.14 gold; 
alkalinity, 14. Gage pressure, 30 Ib. 
Effluent to low-solution pumps, fol¬ 
lowed by elarifieiition and pnaapitation. 
Harrell solution used as preliminary 
wash 

5. Soaking. 

40 

Effluent to low-solution purni>s, followed 
by elarifieution and preeipitation. 
Barren solution used as preliminary 
wash 

(i. Aerating. 

1 

} 

Gage pressure, 25 ll>. Effluent to weak- 
solution sumps follow’od by rlariflr.atiun 
and preeipitation. Barren solution 
reuMrd 

7. tSirong-Boiiition Ictx'iiing. . . . 

26 

Gage pressure, 30 11). Effluent to weak- 
solution sumps, followed by elarifieiition 
and preeipitation. Barren solution 
reused 

8. Weak-Holtitioii letu'liiiig.. 

' 1 15 

Lixiviunt: 0.02% NaCN; 1 ct. gold; 
alkalinity, 3. Gage pressure, 30 lb. 
Effluent to weak-.solu+ion sumps, fol¬ 
lowed by elarifieation and preeipitation. 
Barren solution riMised 

0. Low-H(iIutioii leuetiing. 


Lixiviunt: 0.015'i, .NaCN; 1 et. gold. 
(Jagi* yirfflsure, 30 lb. Effluent to 
weak-solut ion sumps, followed by clari- 
fiealion and preeipitation. Barren 
solution reusr>d 

10. Waaliing. 

1 40 

Solution displaeed during press filling is 
raised to full (tyanidi^ strength in strong- 
solution sump, then to storage tanks. 
Wash effluent to low-solution sump; 
followed l>y elarifieation and preeipita- 
tion. Barren solution usi^d us prelimi¬ 
nary wash 

11. Sluieing. 

1 5 

Gage pressure, <50 lb. liesidue pulp to 
diseharge 

Total eyrie. 

8 45 
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ing through each plate and frame, is a continuous channel within 
which is a sluice pipe bearing a series of nozzles, one for each 
frame. After a cake has been formed and washed, the sluice 
pipe is oscillated by a small motor through an arc of 180 deg., 
and water under pressure is discharged from the nozzles. The 
slime thus washed out of the frame is repulped with the water 
and discharged from the press through a number of cocks leading 
from the annular sluicing chamber. 

Thirty-one Merrill presses at the Homestake mine. South 
Dakota, treat—not merely wash and filter—at least 1500 tons a 
day of slime of which 99 per cent passes 200 mesh. Each of 
these presses has 90 frames, 6 by 4 ft. by 4 in., the hist dimension 
being the thickness of the slime cake. They hold 26 tons of dry 
slime. The slime is dewatered at the stamp mills to 35 per cent 
solids and flows by gravity to the slime-treatment plant three* 
miles distant. The press plates are covered by two cloths—a 
light muslin twill next to the frame and No. 10 cotton duck 
which covers the muslin; the muslin prevents the duck from being 
forcH'd into the plate cornigations. The cotton has a life of 
20 months. A typical treatment cycle, as given by A. J. (^lark in 
E. and M.J.f Oct. 12, 1931, the Homestake number, is shown 
in the table on })age 125. 

The Homestake is the only plant ])racticing direct treatment in 
Merrill presses. There are two reasons for this: (1) Few ores 
are amenable to such treatment; (2) few mines have enough ore 
in reserve to justify the capital cost of such a plant. 

Four other gold and silver plants have installations of Merrill 
presses—the Dome in Ontario, Canada; the San Luis in Durango 
and the Santa Gertrudis in Hidalgo, Mexico, and the New York 
and Honduras Rosario in Honduras. At the Dome mill four 
Merrill presses operate on the following cycle: 20 min. for filling 
with treated slime, 50 min. for washing and 50 min. for dis¬ 
charging by sluicing, plus a few- minutes for sundry manipulation. 

Vacuum Filters 

Leaf T3rpe. Moore and Butters ,—The Moore was the first 
of the leaf filters and w'as developed in 1901. The individual 
leaf consivsts of a frame formed of a perforated pipe through wdiich 
suction and compressed air are applied. The pipe is covered with 
a filtering medium. An assembly of such leaves is known as a 
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'‘basket/’ Four tanks having vertical sides part way and then 
tapering to the bottom are required. The first tank holds the 
slime to be filtered; the second is filled with weak solution and 
the third with water for washing the slime cake; the fourth tank 
is used for receiving the w^ashed slime, looseiuui from the leaves 
by compressed air, and repulping it for discharge' to tlie dump. 
The basket is raised and lowered and moved from tank to tank 
by means of a chain hoist mounted on an overhead runw^ay 
extending the full length of the three tanks. 

The Butters filter has been used to a greater extent than 
the Moore, but both have now been largely rephu^ed l)y 
and continuous filters such as the Oliver drum typ(^. The Butters 
filter is similar in construction to the Moore, but th(' basket 
always remains in one tank. Into and from this, according to 
the cycle, are pumped and dischargc'd slimt' and waMng solutions 
or water. The treated slime is discharged as in the Moore 
system. 

1. Butters filters are used at the Gohh'U C-ycl(‘ mill, (/olorado 
Springs, for final filtering of roasted slime in the cyanid(‘ plant. 
The use of these filters is desc^ribed by N. W. Bowc'u in E. and 
Af.J., August, 1935, and by L. S. Harner in /.C. 6739, S. B. 
of M , 

There are two filters containing a total of 121 canvas-covered 
filter frames, by ^}4 ft. According to Ilarner, about 30 p(‘r 
cent of the mill feed of 1000 tons p('r day is treat(*d in tlu^ slime 
section of the plant. The slimes usually run al)out 4 por cent plus 
100 mesh and 84 per cent minus 200 mesh. Aft(;r the thickening 
and agitation steps, the pulp is f(*d to tin' filters at about 50 pc^r 
cent moisture and is given a barren-solution w^ash followc'd by a 
short water wash. Capacity is approximatedy about 40 lb. dry 
slime per sq. ft. canvas per day. Th<^ loss of dissolv(Ml value in 
the filter tailing is unusually low, about 0.0012 oz. (0.024 dwt.) 
per ton, and is to a considerable extent due to th(^ solids’ having 
been roasted. 

2. The operation of Butters filters at the Frcsnillo Company’s 
mill, Fresnillo, Mexico, is described by W. E. Crawford in 
Trans. 112, A.I.M,E. 

Two final agitators serve as storage tanks for four Butters 
filters, each consisting of 156 leaves, 10 ft. 6 in. by 5 ft. 6 in. 
The agitators discharge through 20-in. lines, and the flow is 
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controlled by hydraulic valves from a manifold in the center of 
the filter house. Each filter box has a separate 18- by 18-in. 
Gould w(»t-vacuum pump. A vacuum of 18 to 19 in. of mercury 
is maintained, atmospheric pressure being 22.5 in. 

The total filter cycle takes 100 min.; 17 min. is used for cake 
forming, 34 min. for Ijarnni-solution wash, 24 min. for water wash 
and 25 min. for filling and discharging. The water wash is made 
up of tn‘at(Hl solution from which the cyanide has hi^en removed 
in the cyanide plant and sufficient inak(j-up water to maintain 
th(5 plant balance. 

In order to minimize the reducing action of the acid-treated 
solution from tla^ recovery plant on the soluble silver in the 
(\‘ike, the solution is first made alkaline with lime and then 
j)artially ac^rated by discliarging the rt^turn solution on to a metal 
scr(‘en ovct tin; storage tank. 

Thick pulp dischargc^d after the completion of the filter cycle 
is ])ump(‘d to a storage* sump. As the discharge becomes thin 
it is th(*n i)uinp(Kl to four Dorr thickeners, 40 by 15 ft. deep. 
Th(‘ thickeners' dis(4uirge th(*n goes to the storage sump and from 
th(^r(} to the tailings dump. Th(* filt(*r l('av(‘s an^ acid treated 
<*very 10 days with dilute* sulphurous acid made by passing gas 
from the roasting plant through vvat(*r. I'liirty filtiT leaves are 
r(*plac(‘d (*v(*ry month in these four filters and one 156-leaf 
clarifying filter. 

'rh(‘ barren-solution h'aching rat(' is maintained at 2 tons per 
hr. p(*r l)ox. It has b(M*n noted that a liigh(*r leaching rate 
r(\sults in a cracked cak(* while (*mptying and refilling during the 
filt(*r cycle. This r(*sults in poor washing efficiency because of 
short circuiting of solution. 

Filter cai)a(4ty is ai)proximately 60 lb. dry slime per sq. ft. 
canvas ]x*r day. About 8 per cent of the solids are plus 100 
mesh, and 58 per cent minus 200 mesh. 

3. Tin* Butt(*rs filtca* is still largely used in South Africa. 
A typical exam|)le is at the West Springs mines. According to 
information supplied the author in January, 1935, by J. L. Willey, 
consulting metallurgist, an average of 3685 tons per day is 
treated, the ore Ix'ing ground to 66 pe'r cent minus 200 mesh. 
Aft(*r thickening and agitation tlie pulp is filtered on 490 Butters 
leave's. A total of 4050 tons of barren solution is used. The 
filter discharge contains 30 per cent moisture and assays 0.05 dwt. 
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(0.0025 oz.) dissolved gold and 0.43 dwt. undissolved gold. 
Capacity of the filters is about 85 lb. dry solids per sq. ft. canvas 
per day. 

Rotary Type. American Filter ,—^This inaclnne consists of a 
number (usually six) of j^arallel, individual, cIoth-co\ered discs 
mounted on a hollow shaft through Avhich suction and conipr(\ss(‘d 
air may be applied. Th(i lower halves of tht‘ discs an' subini'iged 
in the slime tank. The discs are divid(‘d into ind('p('nil(‘nt 



Flu. 47.—Asscinljlcd disc and shaft soction of Aimirican fill or. 


and removable sectors. Wash water may Ix^ ap])lied from sjiray 
nozzles. The asst'inbh'd disc and shaft s('ction is shown in h'ig. 
47 (see also Fig. 48). 

The American filter is a continuous inachine of m(*chani(^al 
simplicity. It occupies small floor sjiacx? and pres<‘nts a larger 
filter area or surface in proportion to sj)ace filled than any other 
filter. Inflation of the filter bags during (*ach discharge period 
keeps the cloth in good condition, and the cak(‘ dischargi'd has 
low moisture content. The changing of filter cloths and the 
sectors is done ea.sily and quickly. No pulj) agitator is needed 
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in the tank. This filter is made by the Oliver United Filters in 
four sizes: 4, 6, 8}/2 and 12)2 ft. in diameter with 1 to 12 discs. 

In op(?ration the thickness of the cake ranges from to % in., 
depending on the material being filtered. As the disc slowly 
revolves, each sector in sequence rises from the pulp with vacuum 
still applied. Fine sprays of solution or water then are applied 
to the cake, thereby displacing the original liquid left in the pores 
of the cake. After a sector passes out of the spray zone, vacuum 
still appli(id, a large portion of the wash that has replaced the 



Fio. 48.—.\iiit*ricun filter inatullatioii at Lake Shore, Ontario, Canada. 


original litiuid is also drawn out. Now as dry as it can be made, 
the (^ake is in proper condition for discharging. This is done by 
cutting off th(^ vacuiiin and introducing a small quantity of 2 to 
3 oz. air, w^hich slightly inflates the bag. Th(* cake will be so 
lous(' that it can cMthor drop off or be scraped or rolled off easily. 

At the Howey mine, Ontario, sector treatment consists of 
washing, S('rubbing with a stiff brush, inspecting for wear and 
tear and treating in dilute solutions of hydrochloric acid for 5 hr. 
In this way the cycle of filter-sector treatment is completed in 
5 days. Sector bags each handle approximately 500 tons of 
solids Ix^fore replacement. The tearing of the bags by scraper 
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shoes has been the main cause of failure, and it is thought that 
the rubber-covered shoes which are under test will increase the 
life of the sector bags substantially. The Howcy mill treats 
1300 tons of ore daily. 

Dorreo Filter .—^This machine is of the rotary-drum tyiie, but 
the filtering medium is applied on the interior of the drum 



Elevation: drive end. Elevation: cake-diHchargo end. 

Fi(i. 49. - The Dorreo filter—plan and elevationa. 


which acts as its own pulp container. The inn(*r surface of the 
drum is divided into a series of fabric-covered panels, each form¬ 
ing a face of a polygon inscribed within the cylinder. The 
compartments thus formed connect individually with an auto¬ 
matic valve which, in turn, applies vacuum or compressed air 
in proper sequence. The closed end of the drum is carried by 
a trunnion and bearing, and the open end is equipped with a 
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tiro whicrh runs on rollers. An annular ring forms an 
internal flange at th(‘ oi)en end, serving as a dam for retaining the 
pulp IxMiig filten^d. F(^ed may be introdueed either by a pipe 
passing through the; trunnion or by a trough passing through 
th(‘ open end. ('ak(^ is discharged by compressed air into an 
internal ho])per, eciuipped for either ehut(* discharge or discharge 
on to a conv(‘yor belt. Spray nozzles within the drum may be 
us(‘d for washing the (^ake. The ])orrco filter in elevation and 
sectional (‘hivation is shown in Fig. 49. Oliver United Filters 
makes thes(‘ machin(\s in six diameters, from 4 to 14 and up to 
18 ft. in length. 

At th(* Pioneer mill, British Ckdumbia, the i)ractice in maintain¬ 
ing th(^ Dorreo filter is to treat th(‘ filter cloth—a No. 26 twill— 
with acid ev(‘ry 21 days. Th(‘ proc(‘dure consists of hosing out 
the filt<T, dumping in a dilute* solution of hydrochloric acid and 
rotating the* filb'r drum for an hour; the* filter is them drained, 
again hos(*d out and ])ut into s(‘rvice. There is no seTubbing of 
th(* cloth, the* j)ores b(*ing k(*|)t oiM*n (‘asily throughout its life. 
To k(‘ep the* (4oth in b(‘st condition, low-pr(*ssur(^ air is blown 
through it for sev(*ral s(‘conds aft(‘r the* cake* has b(‘en discharged. 
The filt(*r cloth is chang(‘d aft(*r about 108 days of service; two 
nuMi make* the* change* in abenit 8 hr. Each filte'r has 371 sq. ft. 
of canvas area, whie*h, e)n the basis of washing 200 te)ns of se)lids 
per day, shows a. e*apae*ity e)f 1078 lb. pe*r sep ft. canvas j)er 24 hr. 

Oliver Filter. This machine* e*e)nsists of a cylinelrical drum 
elivide*d at its pe*riph(*ry into a numbe*r e)f indivielual compart¬ 
ments anel e*e)ve're*el with a e*e>tte)n material, held in place by 
a spiral winding of wire*. The* le>we*r i)e)rtion of the drum is 
imme*rse*el in a tiink fille'el with thickene*d ])ulp to be filtered. The 
])ulp is fe'd to the* tanks e*e)ntinue)usly and is maintained in 
sus])ension by an e)se*illating padelle. The drum is supporte'd by 
twe) trunnion bearings anel is reve)lve*d slowly by a motor through 
worm anel ge*ar elrive*. The* interie)!* of each compartment of the 
filter shell ce)mmunicate\s through a separate conduit to a rotary 
|)ort valve, me)unte*d at e)ne end of the drum. Through this valve 
e'ither sue'tion or pe)sitive* air pre'ssure is applied to the diff(?rcnt 
(‘ompartments in the* pre)per sexpience and for the desired period. 
The* slime cake is eiischarged from the drum by a stationary 
scrape*r blaele which touchers the wire winding around the cloth. 
Ce)mpresseei air is aelmitted at the point of discharge to loosen 
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the cake. Sprays for washing the cake may be applii'd tlirough 
nozzles mounted on the frame. Figure 45 shows soiiu' 01iv('r 
filters at work. 

The Oliver filter is now more generally us(‘d than any other 
type in cyanide plants for washing and final dewalering. 

CONTINUOUS COUNTERCURRENT DECANTATION 

Principle. —^The principle of continuous O.C.J). is simply 
that when water or solution is to act upon solids, both are made 
to pass, in contact, in o])posite directions, so that at ('ach (*nd the 
strongest or most potent portion of either is acting upi>ii the 
weakest or most exhausted portion of tlu‘ other. 

The recovery of dissolved gold and silver from slime ])»!lp in 
the cyanide process, as first practiced, employed intiuinittcuit 
decantation. 

Attempts to make this process continuous ii:st(*ad of inter¬ 
mittent were made as far back as 1902, l)ut without succc'ss. 
The invention of the Dorr thickener furnislKul a means of con¬ 
tinuous slime settling on a larger scak‘ and made the (\C.l). 
process possible. 

Although flow-sheets and opcu’ation will vary with conditions, 
the following will give a gcan^ral ideal of the ( •.('.!). proc(‘ss. 

After the ore has rculuced to a uniform fineness by w(‘t 

grinding and classification, and the major [)ortion of th(‘ solution 
removed, it is agitaUnl continuously in a s(Ti(*s of about threes 
agitators with cyanide solution, when^ most of th(‘ gold aTid silvt'r 
is dissolved. The mixture of solids and solution is f(*d continu¬ 
ously to the first thick(*ner of the C.C.I). s(Ties, consisting of 
from three to five thickeners. It is dilutcal with th(‘ ovitAow 
solution from the next thickener in n?lativ(‘ly larger (piantity, a 
solution that has already been in contact with the pulp in all 
succeeding thickeners and so is comi)aratively rich in dissolv(*d 
gold and silver. 

The overflow from the first thick<mer of the C.C.I). s(‘ri(\s 
containing the greatest amount of dissolvc'd m(*tal is sent to 
precipitation or to the grinding and classifying circuit. The 
underflow is pumped to the next thickener, dilut<‘d wdth the over¬ 
flow from the third of the series, settled and thus proceeds through 
each thickener, until discharged from the last as tailings. By 
each step of the system a large amount of low-grade solution is 
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mixed with a very small amount of higher grade solution so that 
the value of the solution entering each successive thickener is 
materially reduced. Barren-cyanide solution from the precipita¬ 
tion apparatus is added to the thickener preceding the last and 
makes up the bulk of the countercurrent flow. Water is added 
to the last thickener to make up for the liquid losses in the tailing 
and to cut down cyanide consumption. A thickener called No. 1, 
preced(\s the agitators in the mill; therefore the first thickener in 
the C.C.D. series is usually referred to as No. 2. 

Uses. —1. To recover practically all of the dissolved values 
from the finely ground solids, without filtration. The flow¬ 
sheet must be varicjd somewhat, depending upon the strength of 
the cyanide solution to be used and the amount of solution 
required to be precipitated. 

2. To r(?duce the dissolved value in the pulp going to a filter, 
so that the final dissolved loss will be decreased and the use of a 
barren-solution wash shortened or omitted. This increases the 
filtering capacity, diminishes the cost of operating a filter and 
lowers th(^ loss of dissolved value. 

Application. —The application of the C.C.D. process is illus¬ 
trated by the accompanying typical flow-sheets. 

Figure 50 (type B) shows the most common type of flow-sheet 
in us(*, where tlu^ ore settles readily to 50 per cent moisture or 
less, and wh(U’e a strong cyanide solution is not required. 

The overflow of eitluT thickener W or thickener X may be 
used for dilution in the agitators without affecting the distribu¬ 
tion of values in the system. By using the overflow^ of X a lower 
grade of solution is obtained, which may be beneficial, and the 
dilution of fe(*d to thickener W is decreased. 

Type B 

IHfisolved Value Losx. 

Conditions ussuined: 

(a) 100 tons of ore por day crushed in cyanide solutions. 

(b) Discharge from all thickeners with 50 per cent moisture. 

(cl $10 value dissolved per ton of ore. 

{d) 50 per cent in mill and 50 per cent in agitators. 

(p) 400 tons of solut ion from thickener V precipitated to $0.02. 

(/) Agitation with a dilution of 2 of solution to 1 of solids. 

(^/) Ijt^t Vf Wf X, y' and Z represent the value in dollars per ton of solution 
discharged from the respective thickeners. 
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Equating out of and into Each Thickmer: 

(1) lOOr -h 400F = 5O0W -h (0.50 X $10 X 100) 

(2) loow^ + Goow = 500X + looff + (0.50 X $10 X 100) + loor 

(3) lOOA' + 500X = lOOTT + 500r 

(4) loor -h 5oor = looz + loox -i- (4(K) x 0 . 02 ) 

(5) lOOZ + lOOZ = 1(X)F 4-100 tons of water value $0 


Simplifying: 


Solring: 


(1) V = W -i- 1.00 

(2) W = X + 1.20 

(3) X = r 4- 0.24 

(4) Y = 0.2Z 4- 0.904 

(5) 2Z = y 


r = $2.51111 

W = 1.51111 
X - 0.31111 

r - 0.07111 
Z = 0.03550 


By eal(!ulation, the following results are obtained: 

Asvsay value of the pregmint solution; f.e., value of V ~ $2.51111. 

Assay value of the discharged solution; i.e., value of Z = $0.03550. 

Ix>ss of dissolved value per ton of ore, $0.03550. 

Dissolved value saved, 99.04 per cent. 

Mechanical Loan of Cyanide, 

Conditions assumed: 

(tt) Neglect the cyanide consumption throughout the system. 

(b) Strength of cyanide per ton of solution, 1.0 lb. 

(c) Let F, Wi Xj Y and Z represent the strongth in pounds of cyanide per 

ton of solution discliarged from the respective thickeners. 

Equating out of and into Each Thickmer: 

(1) V = 1.0 

(2) lOOlF 4- GOOIF = 100IF 4- 100 F 4- 500X 

(3) lOOX 4- 500X = lOOlF + 500r 

(4) lOOF + 500F = lOOZ 4- 400F 4- lOOX 

(5) lOOZ 4- lOOZ = lOOF 4- 100 tons of water 


Simplifying: 


Solving: 


(1) V = 1.0 

(2) OTF = 5X 4- 1 

(3) ex = IF 4 - 5F 

(4) OF = Z 4- A 4- 4 

(5) 2Z - F 


F = 1.0 
IF = 0.9109 
X = 0.8932 
F = 0.8898 
Z = 0.4449 


Z = 0.4449 lb. = mechanical loss of cyanide per ton of ore 

Where the extraction is obtained slowly, and by experiment 
it is found that an additional change of solution during agitation 
is beneficial, the flow-sheet shown in Fig. 50 (type BB) may be 
used. This arrangement allows two changes of solution with a 
thorough washing of the pulp during agitation. The pulp during 
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the final agitation is in contact with fresh solution carrying low 
values, conditions most favorable for dissolving the refractory 
material in the residues. 

Type D flow-sheet (Fig. 50) is more generally used in cyanide 
plants today with or without a change of solution during agita¬ 
tion as in type BB. This type of flow-sheet is indicated where 
solutions stronger than 1 lb. NaCN per ton are used, where the 




Type* I). 

Fio. 50.—Countcrourreiit dcc^aiitatioii; typical flow-aheets. 


pulp will not settle to at least 50 per cent solids or where a 
dewatered filter cake is desirable for tailing-disposal reasons. 

Type D 

DtHsolved Value Loss. 

Conditions assuinod: 

(a) 100 tons ore per day enished in eyanide solution. 
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(5) Discharge from all thickeners with 50 per cent moisture. 

(c) $10 value dissolved per ton ore. 

(d) 50 per cent in mill, and 50 per cent in agitators. 

(e) 300 tons solution from thickener W precipitated to $0.02. 

(/) Agitation with a dilution of 2 of solution to 1 of solids. 

(g) Displacement efficiency of filter, 60 per cent; that is, 60 per cent of the 

value of the solution in the solid cake, which is assniiK'd to contain 
333i per cent moisture, or 50 tons of solution to l(X) tons of soliils, is 
recovered. The 50Z returned from the filt(*r to the last thickener 
represents 50 tons of solution removed in loading the filter, which 
will, of course, still have the value of Z. 

(h) Let W, X, y and Z and F represent the value in dollars per ton '.dsoin- 

tion discharg(Hl from the thickeners and filter, respectively. 


By calculation, the following results are ol)tain(‘d: 

(1) W' = $3.3439 

(2) = 2.0939 

(3) Y = 0.5314 

(4) Z = 0.1408 

(5) F = 0.0563 


To check thes<^ figures: 

Amount precipitated from 300 tons at ($3.3439 ~ $.02) = $ 997.17 
.Amount lost in tailings, 50 tons at $0.0563 = 2.815 


$ 999 985 

Amount due to neglectcHl decimals 0.015 

Amount dissolved 1(K) tons at $10 = $I(HK) $1(M)0.(MM) 


From the foregoing the following results an* d(*duec^d: 

Assay value of the pregnant solution, i.r., value of M' = $3.3439 
Assay value of the discharged solution, i.r., value of F - $0.05t>3 
Ix)ss of dissolved value per ton of ore, f"' — $0.02815 

Dissolved value saved, 99.72 per cent 

Mechanical Loss of Cyanide. 

Conditions assumed: 

(а) Neglect the cyanide consumption throughout the system. 

(б) Strength of cyanide per ton of solution in thiekerKu* \\\ 4.0 lb. 

(c) Let IF, X, F, Z and F represent the strength in pounds of cyanide per 
ton of solution discharged from the thickeners and filter, respectively. 
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Thidkenerl 
Thickene dpulp 


To mitt 



Fi(}. 51.—Flow of ore pulp and solution in decantation plant of Big Jim mine, 

Arizona. 


By calculation the following results are obtained: 

(1) \V = 4.0 

(2) A' = 3.8124 

(3) Y = 3.7655 

(4) Z = 3.7537 

(5) F = 1.5015 

— 0.7507 = Mechanical loss of cyanide per ton of ore. 

Dissolution During Washing. —Some additional dissolving 
of gold and silver takes place during the washing of the ore pulp 
after agitation with cyanide solution, either in C.C.D. thickener 
series or in filters. This is generally credited to the change in 
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solution which takes place during the washing operation, whereby 
solution of lower gold and silver content and more freshly precipi¬ 
tated is brought into contact with the ore. Further ap[)r(^ciable 
time of contact is provided in the C.C.D. thickeners. 

Representative data are not available covering additional disso¬ 
lution in filters, but this does take place to some extent even on con¬ 
tinuous rotary filters, where the time of contact is relativ(*ly short. 

Typical examples of C.C.D. in plant operation may l)e found 
in Chap. Xll, under descriptions of the Big Jim plant at Ontman, 
Ariz., and the Pioneer in British (blumbia. The United lOnstern, 
Arizona, and the Golden Queen, Calif. 


Dissolution in Decanting Thickp.news 
C.C.D. Cyanide Plants 



Hoi- 

IJnited 

Elko 


Ojieration 

linger* 

Eastern'* 

Prinet!*’*' 

MoguP 

Tons treated per day. 

250 

253 

53 

100 

Hours of agitation. 

12 

02 

72 

24 

Change of solution during ugit.ation 





stories. 

No 

No 

Yes 

No 

Head value to plant: 





All. 

$ 9.00 

$ 20 . (Mi 

$15.27 

$3.10 

Ag. 



10.7 

1.15 

Total. 

$9.00 

»20.0(> 

$25.97 

$4 25 

Dissolved in: 





Thickener 1, Au. 

$0.08 

.$0.20 

$0.11 

$0.15 

Ag.1 

! 


0.08 

0.03 

Total. 

0.08 

0.20 

0. 19* 

0.18 

Thickener 2, Au. 

0.04 

0.07 

0.09 


Ag. 



0.02 


Total.' 

I 0.04 ! 

0.07 

on 


Thickener 3, Au. 

0.03 

0.04 

0.05'^ 


Ac . ... . i 


! 

0.05 

0.03 

Total.i 

1 0 03 

I 0.04 

0.10 

0 03 

Thickener 4, Au. 

0.03 

0.02 

No 

0.01 

Ak 




0.04 

■^0 . 

Total. 

j 0.03 

0.02 


0.05 






Total dissolved in C.C.D. series... 

I $0.18 

$0.33 

$0.40 

$0.26 


In the foregoing, gold values are bused on S20.()7 per oz. and silver on $1 per oz. 
“ From unpublished data, 1916, results in one unit of the C.C.D. serieH. 

^ From A.I.M.B.t August, 1919. 

‘ From A.I.M.E., August, 1918. 

Third thickener (Elko Prince) followed by dewatering drum filter. 

' Thickener between second and third agitators. 
f From unpublished data from management, 1913. 

































CHAPTER IX 


CONCENTRATION OF ORES AND TREATMENT OF 
CONCENTRATES 

This cliaptar is dimded into three main parts: gravity coru'entration^ 

flotation and treatment of concentrates, 

GRAVITY CONCENTRATION 

Gravity concentrators are of the table and endless-belt or 
vanner types. The former generally consists of a head-motion 
mechanism which imparts a rapid reciprocating motion to a 
slightly incliiK'd tal)l(^ with riffles, the slope of which can be 
adjustc'd. Jlicduirds, in his Ore Dressing, giv(js tlui following 
d(\scription of a vanner: 

A vanner does its work on the upper surface of an endless belt, which 
is slightly inclined from horizontal and receives a rajiid shake in the 
plane of the belt while at the same time it has a continuous, slow^ motion 
up the slope. The travel of the belt carries the heavy mineral to the 
upper end, and the surface water washes down the light mineral to the 
lower or tail end. Tliere are two chief classes of vanners, and a third 
has been recently introduced. 

1 . Side shake, viiirates at right angles to the direction the belt travels. 

2 . Kiul sliake, vibrates parallel to the direction in wdiich the belt 
travels. 

3. Clyrating. 

The table is suitable for a large quantity of relatively coarse 
feed, whereas the vanner is better adapted to concentrating fine 
material. 

If tables are operat(‘d early in the flow^ sheet, the question arises 
as to the value of (dassification of the pulp before tabling. A. W. 
Fahrenwald disciLsses this point in T.P. 403, U, S. B. of M,, 1927. 
He concludes that preliminary classification, particularly if 
classifiers of the hydraulic types are used, gives increased 
recovery, a higher grade concentrate, greater table capacity and 

140 



CONCENTRATION OF ORES 


141 


less middling for regrind; in other words, classification enables a 
tabic to do its best work. 

Fahrenwald hydraulic classifiers, Richards pulsator classifier 
and others employing classifying zones of uniform cross section 
give efficient results. 

Concentrating on the Rand. —In some plants the suli)hides 
are separated from the pulp in the Johnson concei\trator, which 
is a riffled, rotating, rubber-lined drum, 30 in. in dianuder and 
12 ft. long. It is set at a 6 per cent slope and makes 7 r.p.m. 
A water spray removes adhering conccmtrate. This ])r(>d!ict 
is run over corduroy tables for the recovery of coarse* gold , and 
the tailing rejoins the mill circuit. 

Concentration at Argonaut, Calif. —Vanner })ractice at tlu* 
Argonaut mine, Mother Lode, California, is described by S. K. 
Woodworth in /.C. 6476, U. S. B. of M., 1931. 

SemEEN Analyses of Mill Products for a Month ai’ the Argonaut 


Wpigfii piT ('<‘111 


Sieve mesh 

Copper¬ 

plate 

di8<;harge, 
feed to 
Spitxliitte 
classifier 

Classifier 
spigot 1, 
cemrse 
feed to 
vanners 

ClassilifT 
spigot 2, 
inedin in 
feed to 
vanners 

(’lassifier 
overflow, 
feed to 
Callow 
cone 

C’allow 

cone 

underflow, 

fine 

feed to 
vanners 

Mill 

tailing 

Plus 2S. 




. 


0.7 

35. 

9.97 

2.30 

i 

. ; 


' 8.2 

48. 

17.09 

9,29 

. i 



13.8 

65. 

22.92 

12.28 

4.22 

1 


I 18.9 

100. . . 

19.31 

16.42 

14.2.5 

. I 


15.7 

200. 

15.11 

17.57 

41.05 

(>.0(> j 

1 14.20 

23.0 

Minus 200. 

15.60 

42.13 

40.60 

93.94 

i 85.80 

i 

19.7 


The concentrating equipment for each 10 stainj)s consists of one 
Spitzlutte-type classifier, six fi-ft. Johnson or Prue vanners and one 8-ft. 
Callow cone equipped with a gooseneck discharge. The Spitzlutte 
sizer is a two-spigot machine of local design and manufacture. 

The pulps from two five-stamp batteries unite in one launder and 
drop into one end of the Spitzlutte classifier. The slime overflows from 
the opposite end and is conveyed to the S-ft. (vallow cone. I’he first 
spigot discharge of the Spitzlutte classifier is split between two of the. 
first-row vanners, which handle the coarsest material. The second 
spigot discharge is split between two of the second-row vanners, which 
treat the intermediate size of material. The gooseneck discharge of 
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the Callow cone is split between the two third-row vanners, which 
handle the finest material. The overflow of the Callow cone passes to 
the general mill tailing. 

Each vanner operates at 180 oscillations per min., has a belt speed of 
about 4 ft. per min. and treats 8 tons of solids in 24 hr. The proportion 
of vanner concentrates recovered from the ore treated is variable, 
depending upon the type of ore. It varies from 1.96 to 3.5 per cent, 
averaging per cent. V'anner concentrates have assayed from $52 
to $135 per ton, latterly around $60. 

The overflow of the Callow cone and the tailings from the three rows 
of vanners have made up the general mill tailings. If, however, the 



Cross Sec+ion of Riffles on Cross Section of Moiin Riffles 

In+ermedioife Pl«+eau on PrlrnCTryConcen+roitionZone 

Fig. 52.—DetailH of Dcister ronrentrator. 


value of the general tailings warrants further grinding, the tailings from 
the first two rows of vanners that treat the coarser products are classified 
in a Dorr duplex classifier, operated in open circuit with two tube mills. 

. After passing over shaking amalgamating plates the tube-mill product 
is conc(?iitrated on Wilfley tables. The overflow pulp from the Dorr 
classifier is thickened in a C^allow cone, the underflow of which is con¬ 
centrated on Deister slime tables. Tailings from the Wilfley and Deister 
tables, the overflows of the thickening cones and tailings from the 
third-row vanners comprise the general mill tailings which pass to the 
Amador Metals Reduction Company for cyanide treatment. 

The belt machine, or vanner, has always l>een the standard on the 
Mother Lode. Various types of shaking sand and slime tables have 
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been tried, but as a rule they have been rejected for the vanner because 
it is difficult for mill foremen who have grown up with vanner milling 
practice and have no first-hand knowledge of other means of concentra¬ 
tion to realize that methods and costs have improved with time. Con¬ 
centration must be employed with these ores, for the gold contained in 
the sulphide minerals accounts for about 20 per cent of the total value. 
Flotation heretofore has been of doubtful advantage, owing to the large 
l)ulk and low grade of concentrates obtained. Tliis is because of the 
carbonaceous and colloidal contents of the slime. 

Tabling at Presidio, Tex. —The ore from the Presidio mine 
consists of argentiferous lead minerals, chiefly cerrusite and galena 
and occasionally some anglesite and the silver minerals, argentite 
and cerargyrite, in a gangue of quartz and c.alcite. Although 
tabling is used priTnarily to recover the lead, its removal before 
tlie pulp is cyanided results in a low^er consumption of cyanide 
and an increase in the silver recovery. 

The ore from the crushing plant is conveyed to a Hum-mer 
vibrating screen, the undersize of which is treated on the first 
set of two No. 6 Wilfley tables (see Fig. 53). The feed to these 
tables is minus-10 mesh material averaging 378 dwd;. silver per 
ton and 3.5 per cent lead; it is maintained at about 14 i)er cent 
solids. The tables run at a speed of 250 strokes per min., with 
a *^ 4 -in. stroke. The maximum capacity of these tables on this 
type of feed is about 15 tons each per day. The purpose of this 
tabling operation is to recover as much as possible of the lead 
before it enters the tube mill and thus avoid excessive sliming. 
As 50 per cent of the total lead is contained in the feed to these 
tw'o tables, they play an important part in lead recovery. Each 
table makes a concentrate, a middling and a tailing product. 

The oversize from the Hurn-rner screen is f(‘d to a Dorr classi¬ 
fier operating in closed circuit with a tube mill, a stationary screen 
and a second set of six No. 6 Wilfley tables which also operate at 
250 strokes per min. but with a %-ui, stroke. The tube-mill 
discharge contains 76 per c(mt solids but is diluted to 46 per cent 
for tabling by using a part of the classifier overflow as diluent. 
Better results would be obtained if the table feed could be diluted 
more, but existing conditions do not jiermit more solution to be 
introduced into the tube-mill circuit. Barren solution is used 
for headwater on the tables. The stationary screen which 
receives the tube-mill discharge has 3^^- by j^^-in. apertures and 
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is set at an angle of 50 deg. from the horizontal. The undersize 
from the screen comprises the feed to the second set of tables; 
it assays 116 dwt. silver per ton and 0.97 per cent lead, and 
39 per cent of it passes 200 mesh. Much of the lead is so badly 
slimed that recovery is not high. The tablets in this set also make 
a concentrate, a middling and a tailing product. 

The middlings from both s(^ts of tables go to one No. 6 Wilfley 
table which j)rodu(H\s a clean concentrate and a tailing. The 



Flu. on a Wilfley table in action. 


tailings from all tables an' pumi)ed to the Dorr classifier which 
feeds tlu* tube mill; they assay 70 dwt. silver per ton and 0.7 
per c(*nt l(‘ad. Thest' tailings after regrinding are cyanided for 
the recovery of tlu' n'lnaining silver. (See Chap. XII for descrip¬ 
tion.) Tlu* combined concentrates assay 8520 dwt. silver and 
52.5 per cent l(‘ad; they are sun-dried to 10 per cent moisture, 
sacked, sampled and sent to the El Paso smelter. 

The foregoing notes are from the paper by V. D. Howbert and 
F. E. Gray in T.P. 368, AJ.M.E., 1930, and brought up to date 
by M. C. Haas, mill superintendent. 
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FLOTATION OF PRECIOUS-METAL ORES 

Precious-metal ores that are amenable to flotation may bo 
classified briefly as follows: 

1. Gold ores in which a part of the gold is in the form of fine 
free gold, the remainder associated with sulphides. Pyrite, 
arsenopyrite and the sulphides of copper are th(> common 
auriferous sulphides. In man}" ores these sulphides have under¬ 
gone oxidation. I'his type of ore commonly (‘ontains only minor 
amounts of silv<*r. 



Fn;. 54..“D(?nver “Swr)-.A” Fahronwald flotation marhiiu*. manufactured hy 

Denver Fquipmont Comi>aiiy. 


2. Silver ores containing argentiferous gal(‘na or silver sul¬ 
phides, sulphantimonides and sulphars(‘nid(‘s such as arg(‘ntite, 
pyrargyrif(», proustit(», jainesonite and t(dTahedrit(‘. If ores 
of this type have undtTgont* oxidation, cerrusitt^, angl(\site and 
cerargyrite may be present in af)pr(K*iabl(‘ (piantity. If i)yrit(^ 
is prt'sent, it is geiH*rally auriferous. 

Fre(» gold does not float so n*adily or so rapidly as most of th<‘ 
mineral sulphides; therefon?, if the proportion of gold in the flota¬ 
tion feed is high, a longer period of flotation may be required. 
With the ordinary ore of milling grade the time factor is not so 
important. As brought out by A. M. Gaudin in his book 
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FlotatioTif it is difficult to reduce coarse gold flakes to a floatable 
size because grinding does not comminute the gold particles but 
simply flattens them. Furthermore, this could be an uneco¬ 
nomical procedure in view of the readiness with which coarse 
free gold is recovered by amalgamation or gravity concentration. 

For the treatment of silver ores Gaiidin also observes that 
flotation has been of greater importance partly because silver 
is generally well rcicovered by flotation and also because cyanida- 
tion and amalgamation are not so effective in extracting silver 
as in extra(!ting gold. 

Flotation Machines. —Many types of flotation have been 
developed—straiglit air, in(*chanical and combinations of the two. 

Reagknts Used in Flotation of Gold Ores 

Conditioning agents arc commonly used, especially when the 
ores ar(> partly oxidized. Soda ash is the most widely used 
regulator of alkalinity. Lime should not be used because it is a 
depn^ssor of free gold and inhibits pyrite flotation. Sodium 
sulphide is often helpful in the flotation of partly oxidized sul¬ 
phides but must be used with caution because of its depressing 
action on free gold. Coppf^r sulphate is frequently helpful in 
accelerating the flotation of pyrite and arsenopyrite. In rare 
instance's sulphuric acid may be necessary, but the use of it is 
limited to on^s containing no lime. “Ammo-phos,'' a crude 
monoammonium phosphate, is sometimes used in the flotation of 
oxidized gold ores. It has the effect of flocculating iron oxide 
slime, thus improving the grade of concentrate. Sodium 
silicate, a dispersing agent, is also usc'ful for overcoming gangue- 
slime in terference. 

Promoters or Collectors. —The commonly used promoters 
or collectors are “Aerofloat’^ reagents and the xanthates. The 
most (effective promoter of free gold is Aerofloat flotation reagent 
208. When auriferous pyrite is present this reagent and reagent 
301 constitute the most effective promoter combination. The 
latter is a higher xanthate which is a strong and nonselective 
promoter of all sulphides. Amyl and butyl xanthates are also 
widely used. Ethyl xanthate is not so commonly used as the 
higher xanthates for this type of flotation. 

The liquid flotation reagents such as Aerofloat 15, 25 and 31 
are commonly used in conjunction with the xanthates. These 
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reagents possess both promoter and frother properties. When 
malachite and aznrite are pres(*nt, reagent 425 is often a useful 
promoter. This reagent was developed especially for the flota¬ 
tion of oxidized coj)per onvs. 

The amount of these promoters varies consideraldy. If the 
ore is partly oxidized, it may be iiec(‘ssary to use as jnuch as 0.30 
to 0.40 lb. of promoter per ton of ore. In t he case of ch'an ores, as 
little as 0.05 lb. may be cmough. The promoti'r reciuin'inent of 
an average ore will usually approximate 0.20 lb. 

Frothers and Froth Modifiers. —^Thc commonly uschI ‘broth¬ 
ers’^ are steam-distilled pine oil, cresylic acid and higher alcohols. 
The tliird mentioned, known as duPont froilicrs, have reccMitly 
come into use. They ])roduce a somewhat more tender and 
evanescent froth than pine oil or cresylic acid; conseqiK'iitly 
they have less U'ndency to float gangue, particularly in circuits 
alkaline with lime. The duPont frothers are highly actives 
frothing age^nts; therefore it is rarely n(‘cessary to use more than 
a few hundredtlis of a pound p<‘r ton of ore. 

When coarse sulphid<‘s and inod(‘rat(4y coarsen gold (65 mesh) 
must be floated, ‘broth modifiers” such as Barrett Nos. 4 and 634, 
of hardwood creosote, are usually n<M*(‘ssary. The function of 
these so-called froth modifiers is to giv(' mon* stal)le froth having 
greater carrying pow(*r. 

ReAGKNTS FOU SlLVEIl OUKS 

The conditioning agents used for silver ores are th(^ same 
as thos(^ for gold on's. Sod«a ash is a commonly us(*d pH regu¬ 
lator. It aids the flotation of gah‘na and silver sulphid(\s. When 
the silver and lead min(;rals are in the oxidized states, sodium sul¬ 
phide is helpful, but it should not be added until aftc^r the 
sulphide minerals have IxH'ii floated, because sodium sul])hide 
inhibits flotation of the silver sulphide minerals. 

Aerofloat 25 and 31 are effendive promoters for silver suli^hides, 
sulphantimonkks and sulpharsenide\s, as well as for native silv(*r. 
When galena is present. No. 31 is preferable to No. 25 benrause 
it is a more powerful galena promote^r. Higher xanthates, such 
as American Cyanamid reagent 301 and amyl and butyl xanthate^s, 
are beneficial when pyrite must be recovered. When the ore 
contains oxidized lead minerals, such as anglesite and cerussite, 
sodium sulphide and one of the higher xanthates may be used. 
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In Home instances reagent 404 effects high recovery of these 
minerals witiiont the use of a sulphidizing agent. 

Silver ores require the sam(^ frothers as gold ores— viz,, pine oil, 
cresylic; acid or duPont frothers. 

(The foregoing notes were submitted by S. J. Swainson of 
the American Cyanainid Omipany. ^^Aero,*' Amnio-phos^’ 
and Aerofloat’* are regisb'red trade-marks applied to products 
manufactured l)y this company.) 

The Gn‘at Western inectro-Chemical Company, California, 
makes amyl xanthate, l)iityl xanthate, j)otassium xanthate and 
sodium xant}iat(‘. In tlu* Unit(‘d States these reagents an' used 
on th(* gold OH'S of ('alifornia and Colorado and in Canada on 
the gold on*s and sulphide's of Ontario and QiK'bec. 

Flotation reagents of the Naval Stores Division of the Hercules 
Powdc'F C'ornpany an' as follows: Yarrnor F pine oil, a frother for 
floating simpU' and complex on's; llisor j)ine oil, for recovering 
sulphid<‘s by bulk flotation; Tarol 1, a toughener of froth, gener¬ 
ally us('d in small amount with Yarrnor F, but with some semi- 
oxidiz<'d on*s when' high recov(‘ry is essc'iitial y(^t the grade of 
concentrate not so important, Tarol do(‘s good work; Tarol 2, a 
frotlu'r for floating c(‘rtain oxide miiu'rals, but it can be used in 
selective flotation of sulphide minerals and in bulk flotation where 
tough, froth is desirabh'; Solvenol, for the floating of graphite' in 
conjunction with Yarrnor F. 

PuKC^IPITATINO KfFKCT OF FLOTATION ReACENTS 

''rhe statenu'nt- has come to the attention of the American 
Cyanamid Company that organic flotation reagents, such as 
xanthates, ev('n in the small amounts used in flotation, cause 
repre'cijntation of gold from |)n‘gnant cyanide solutions. The 
ore-dressing laboratory of this company is studying the' que\stion, 
and pre'limiiiary re'sults indicate that this state'inent is unfounele'd. 
The adelition of xanthate, in the' amount usually found in flotation 
edreuits, doe's not precipitate golel from a pregnant cyanide solu¬ 
tion containing the normal aine)unt of cyanide and lime. 

Primary Slime 

Valueless slime, in addition to its detrimental effect in coating 
gold-bearing sulphide, thereby limiting or preventing its flotation, 
also becomes mixed with the flotation concentrate and lowers 
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its value. Sometimes the problem in flotation is that although 
the gold is floatable, the concentrate product is of too low grade. 
Talc, slate, clay, oxides of iron and manganese or carbonaceous 
matter in ores early form slime in a mill, without fine crushing. 
Such “primary slime,^’ according to E. S. L<*aver and J. A. Woolf 
of the U. S. Bureau of Mines, interferes with the proper s('l(‘c- 
tivity of the associated minerals and causes “slime interference.'' 
The tendency of primary slime is to float readily or to remain in 
suspension and be carried over into t 1 h‘ concentrate. Pn'lin linary 
removal and washing of this primary slime before fine (^rushing 
is one method of dealing with it. At the Idaho-Maryland mill. 
Grass Valley, Calif., starch is regularly used as a dei)ressant 
during flotation. Flotation tests using starch were mad(‘ on a 
quartz ore containing carbonaceous schist from the Argonaut 
mine, Jackson, Calif.; a talcose on* from the Idaho-Maryland 
mine mentioned; a talcose-clayey ore from Gold Kange, Nev.; a 
silic(*ous, iroii and manganest* oxid<‘ ore from tin* Bal) 0 (juivari 
district, Nevada; carbonac(u>us and aluminous sliim* from the 
Mother Lode and some synthetic ores. Tiie conclusions from the 
foregoing tests were in part: 

1. Finely divided metallic gold in milling ores floats readily, and a 
high-grade coii(;entrate can be made by flotation if no interfering slime 
or gangue is j)reseiit. Any good collector may be us(id for tlie flotation 
of gold, but organic ccjllectors of the xantliate type j)r(jduce a cleaner, 
higher grade concentrate than coal tar-creosote oils. 

2. Some “protective colloid’^ should be added to “wet out” talcose 
or carbcmaceous slime and destroy its tendency to float. 

3. Clayey slime does not have strong, flotative properties, but it 
tends to remain in suspension and coat mineral particles, making it 
difficult to obtain good selectivity during flotation. Proper defloccula¬ 
tion of an ore pulp and some agent to destroy the flotative proj^erty of 
clay improves flotation of this type of ore. 

4. It is essential to keep pulp containing in)n (not liematite) and 
manganese oxides in a dispersed condition, and imj)roved results are 
obtained by means of a depressing agent such as starcli. 

5. Starch was the most effective depressing agent tried. It should 
be added as a solution to the ore pulp. Starch displays a selective 
action in its depressing effect. It acts first on the slime; then, if a 
sufficient excess of starch is present, it will cause some depression of 
sulphides and metallic gold, either by wetting out or by producing an 
extremely brittle froth. Therefore, care must be taken in regulating 
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the amount of starch added to obtain the maximum depression of the 
slime commensurate with high recovery of the gold. In this, as in all 
other phases of flotation, each ore presents an individual problem and 
must be so studied. 

Gold Losses in Floating Copper, Lead or Zinc Sulphides 

Sodium cyanide at the rate of 0.03 to 0.50 lb. per ton of ore 
is generally used in the differential flotation of complex sulphide 
ores. If the pulp density in the grinding circuit be 75 per cent 
solids, this amount of cyanide is equivalent to 0.09 to 1.5 lb. per 
ton of solution which corresponds to the solution strength com¬ 
monly used for the cyanidation of gold ores. 

If the complex ore contain gold, the effects of the use of cyanide 
as a depressant should Im' investigated. 

A. K. Anderson, of the Canadian Dei)artment of Mines, as 
report(‘d in C.A/.J., June, 1934, reviews the results of tests made 
on an auriferous comph^x ore. The ore assayed: gold, 0.59 oz.; 
silver, 3.4 oz.; lead, 8.4 p(»r cent; zinc, 9.1 per cent. Cyanide 
at the rate of 0.30 lb. per ton of ore was add(‘d to the grinding 
cinuiit. The dilution in the grinding circuit was 66 per cent 
solids and in flotation about 30 jxt cent solids. A lead con- 
c<uif.rai(^ and a zim^ concentrate w'cre made. Filtrates from the 
concentrate's and the tailing were combin(?d and assayenl for gold. 
It was shown tluit nearly 11 pt'r cc'iit of the gold in tlie feed 
rc'inaiiK^d in solution, equivah'iit to 0.06 oz. per ton of ore. 

Methods for recov(*ring the solubles gold an* outliin'd. 

Checking Flotation by Table C'onckntration of Tailings 

In a small flotation plant it probably would be an unnece.s.sary 
t'xpe'iise* to operates a pilot table coneeiiitrator to check the results 
of flotation, but in a large plant it is advisable. Even there, 
passing the whole* flow' over one or more tables is not necessary; a 
continuous sample ejf the final re^sidue, say 2 per cent of the pulp, 
is ample to verify the efficae*y of flotation. 

Cyanidation vs. Flotation 

The factors to be considered in dee*iding betw'een cyanidation 
and flotation for treatment of precious-metal ores are sum¬ 
marized in Ore-dressing Notes of the American Cyanamid Com¬ 
pany, for March, 1935. 
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The first and most important consideration in the choice of 
process is the net profit that it will yield. As a rule, the initial 



Fig. 55. —Flow-sheet of Beattie plant; milling and flotation. 


1. 2. 3. Hardinge bull millH (8 by 00; 8 by 10. Dorr Kimpirx bowl cliiMHifier. 

72; 10 by GO). 17. Houthwwtfin finul cleaner. 

4, 5, 6. Dorr clasuifiers (8 by 25; 12 by I8. Don concentrat*- ihickeiiei. 

28; 12 by 32). 10- Dorico 8- by 10-fl. filter. 

7. Scoop elevator. 20. RuKKleH-Coli^u winKle-Hhell ilryer. 

8.0,10,11. Denver flotation equipment 21. Bucket elevator. 

(6-cell primary rnacliineH in purulliM; lO-cell 22. Storage bin. 

rougher machines in parallel; 2-cell cleaner; 23. fan. 

4-celI middling cleaner). 24. Cyclone arrester. 

12. Southwfwtcrn air-cell cleaner. 25. Furnace. 

13. Dorr 40-ft. middling thickener. 26. Concentrate sampler. 

14. Thickener. 27. Kesiduc sumphir. 

15. Tube mill. 


cost of building a flotation plant i.s con.sidcrably loss than the 
initial cost of a cyanide plant of the same capacity. Likewise, 
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the operating cost of flotation is usually lower than that of 
cyanidation. It should be remembered, however, that in the 
case of a flotation plant the precious metals are recovered in 
the form of a concentrate which either must be shipped to a 
smelter or cyanided on the projicrty. 

Although the art of floating precious-metal ores has improved 
considerably the last few years, it is only fair to point out that 
the process is by no means universally applicable to the treat¬ 
ment of gold and gold-silver ores. But if prt'cious-metal on's 
contain cyanicides, which preclude the us(^ of cyanidation, 
flotation may be the only solution of the problem. With Huvh 
ores it is often possibles to use cyanidation after the* cyanicides 
have been removed V)y flotation. In this ('ase flotation would 
constitute an accessory process. 

In summation it may be said that cyanidation is still the most 
universally applicable process in the treatm(*nt of pre(*ious-metal 
or(\s. The present indications are that flotation will serve its 
most us(?fvd function in tlu^ roh^ of an accessory ])roc(^ss in con¬ 
junction with cyanidation. 

Fine Grinding and All-cyanidation vs. Fine Grinding and All- 
flotation. —A notic<>able tr(‘nd in ore trc'atment is fine grinding 
and flotation, followed by treatmcMit of the concentrat<‘ only. 
This means that at l(*ast niiu'-tenths of the ore is discard(‘d, 
and one-tenth tn^att'd. Pro|)on('nts of this })roe(‘ss are the Grt'at 
Boulder, Lake View and Star, and Wiluna in Australia, Mclntyn*- 
Porcu[)ine in Ontario, Beattie in Quebec*, and Cam and Motor 
in Rhodesia. If jirecious medals be so (*ncas(*d in the gangue that 
only ex(^(\ssive and expensive grinding will free* thc'm, cyanidation 
must be consider(»d. In some plants nn'iitioned, tlu* on* formerly 
was all-cyanided. 

The suitability of the method involving fine grinding and 
flotation with tn^atment of the concentrate* and rejection of the 
. remainder should receive careful study in the laboratory and in a 
pilot plant. Mclntyre-Porcupine ran a 150-ton plant for a year 
before deciding to build its 2400-ton mill. Comiiarative figures 
given by J. J. Denny in K. and M.J. November, 1933, on the 
results obtained by the all-sliming, C.C.D. process formerly used 
and th(' present combination of flotation and concentrate treat¬ 
ment showed a saving of 12.1 cts. per ton in treatment cost and a 
decrease of 15 cts. per ton in the residue, a total of 27.1 cts. per 
ton in favor of the new treatment. 
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T. B. Stevens, in M.M. October, 1933, gave current treatment 
at the Lake View and Star in the form of extraction or statistical 
flow-sheet, which is reproduced in Fig. 58. He gives the values 
in shillings per ton, but to save using sterling and con^'erting 
them to dollars they are shown as so many units, which are 
equivalent. Tlu' total cost of all-sliming and flotation treatnu'iit 





Fn;. 50.—Standard Hquare F'agorgrcn flotation marhinc, manufai^tiirod t>y 
American Cyunamid Company. 

of 45,000 tons a month in 1933 was 6.3 shillings ($1.52) per ton, 
compared with 16 shillings ($3.84) when all-dry crushing, roasting 
and cyaniding 15,000 tons a month. This use of flotation was 
an aid in solving the treatment problems at the Kochkar mines, 
50 miles southeast of Chiliabinsk, southern Ilussia, according to 
M. C. tiaas in E. and M,J., October, 1932. One mine yields 
ore consisting of quartz and some schistose material carrying 
2 per cent pyrite and 5 to 10 grams gold per ton; the other yields 
ore consisting mostly of schistose material and some quartz, 
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containing 5 per cent pyrite and 4 to 5 grams of gold. Chemi¬ 
cally the ore was ideal for cyanidation, but physically the 
schistose matter complicated thickening and filtration. Treat¬ 
ment consisted of grinding to 35 mesh, amalgamating, separating 
the pulp into sand and slime, recovering the mineral on tables 
and cyaniding the three products. Although 60 per cent of the 
gold is free, the mercury saved but 35 per cent of it. The schist 
in the ore reduced the mill capacity to a third by preventing 
proper and prompt settling of the pulp and by clogging the cloth 
on the Oliver filters. Sorting out some of the troublesome 
gangin; was tried, but as a third of the ore by-passes the sorting 
section as fines, which carry a high proportion of schist, a (*lean 
quartz feed is impossible. Eventually, after mucli (!xperimenta¬ 
tion in the laboratory and in a pilot mill of 3 tons capacity, the 
flow-sh(M't decided upon was grinding, amalgamating, floating 
all of the pulp and cyaniding only the concentrate. Concentra¬ 
tion was 35 into 1; the n^jc'ct formed 97 per cent, and th(' concen¬ 
trates 3 per cent of the pulp. This simyjlified pnx'ess gives an 
extraedion equal to all-cyanidation at a lower cost. 

There ani also mills in wduch flotation equipment was put 
in for the purpose of recovering the gt)ld in a coiu^tuitrate and 
rejc^cting the tailings only to find that the tailing was too valuable 
to wast<^ and must be cyanided Ix^fore discarding. 

It is generally tru(* that cyanidation is cai)abl(‘ of pnxhicing 
a tailing of low(*r gold content than flotation. At a ])rice of $35 
j)er oz. for gold this fact is of much great(‘r imj)ortance than 
when gold was valued at $20.67 yK'i* oz. This value of the 
residing to be discard('d will influence the choi(;e of a method of 
treatment. 

Flotation as an Accessory. —In his n’view of the i)r(»vailing 
practi(!e in the flotation of gold m J/.M., September, 1934, 
Philip Rabone i)oints out that treatment of ores carrying gold 
' and silver associated with pyrite and other iron sulphides, 
arsenopyrite or stibnite, depends on how the gold and silver are 
associated with the sulphides. Cyanidation is usually the most 
suitable process, but it often necessitates grinding ore to a fine 
size to release the gold and silver. Should it be possible to 
obtain a good recovery by flotation in a concentrate carrying 
most of the pyrite or other sulphides, it might be more eco¬ 
nomical to adopt this method, regrinding only the comparatively 
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small bulk of concentrate prior to the leaching operation. Flota¬ 
tion may also prove to be the more economical process for the 
ore containing such minerals as stibnite, copper-bearing sulphides, 
tellurides and others, which require roasting before cyanidation, 
because this reduces the tonnage, passing through the furnace. 
Even when recovery of gold and silvtT from such ores by flotation 
is low, it may be advantageous still to float off the minerals that 
interfere with cyanidation, roasting and leaching, or possibly 
smelting the coiH^entrab' for extraction of its pr(‘cioiis metals. 
Cyanidation of the flotation tailing follows, this being simj)h*r 
and cheaper because of prior removal of the C3\anicidi‘s. 



Flotation Unit in the Grinding Circuit .— It is good practice to 
recover as much of the gold and silver as possibh* in th(^ grinding 
circuit by amalgamation or on corduroy strakes to prev(‘nt their 
accumulation in the classific^r; otherwise an occasional rush of 
material from the* grinding s<M*tion may carry gold that is too 
coarse to float into the flotation circuit and will thus pass into 
the tailing and be lost. 

To prevent this, sev(*ral companies, including the Golden 
Cycle at Colorado Springs and the Mclntyre-Porcupine at 
Timmins, Out. have inserted a combination of flotation cells and 
hydraulic cone in their tube-mill classifier circuits. At the 
Mclntyre-Porcupine, according to J. J. Denny in E. and M.J., 
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November, 1933, this cell is a Denver 500 Sub-A-type. The total 
pulp discharged from each tube mill passes through 4-mesh 
screens which are attached to the end of the mills. The under¬ 
size goes to the flotation cell, and the oversize to the classifiers. 
Tailing from the cell flows to the classifiers, and the concentrate 
to a collecting box. The purpose of the hydraulic attachment 
is to remove gold that is too coarse to float, thus avoiding an 
accumulation in the tube-mill circuit. The cones have in¬ 
creased recovery from 60 to 75 per cent. Every 24 hr. the 
tube-mill discharge is diverted to the classifiers. Water is 
added for 15 min. to separate the gangue in the cells from the 
high-grade concentrate, after which a product consisting of 
sulphides and coarse gold is remov(‘d througli a 4-in. plug valve 
equipped with a locking device. Each day 400 Ib. of material 
worth $3000 is recovered. This is transferred to a tube mill in 
the; cyanide circuit, with no evident increase in the value of the 
cyanides r(‘sidiie. 

As proof of the valiui of these gold-flotation cells, two compara¬ 
tive? runs w(*re made during 1933, the tube' mill and classifier 
circuit being with and without flotation. Results W(‘re as follows: 


EfFE(’T of Goi.D-FliOTATION CkU. IN TuBE-MILL CLASSIFICATION ClRCUlT 


Itein 

Test 1 

Test 2 

W^ith 

cell 

[ 

W'ith- 

out 

C(‘ll 

[ 

With 

cell 

With¬ 

out 

cell 

Tube-mill food (ore), tons. 

425 

425 

425 

425 

Value per ioiC‘. i 

$7.64 

$7.64 

$7.43 

$7.43 

Tubo-mill discharge value''. 

$14.05 

$35.21 

$26.34 

$44.06 

Concentrate value. 

$126.91 


$100.32 


Classiiier rake ret urn value. 

I $30.59 

CO 

$28.80 

$48.34 

Classifier overflow value. 

1 $3.29 

$7.45 

$2.84 

$7.24 

Recovery in concentrates, per cent. 

1 58.45 

1 

1 

i. 

63.54 



• Oriieitiul orp. 

Inchidon clatirafipr sand return, 
(fofd at $20.07 per os. 


Possibilities on the Rand. —On the Rand, the major portion of 
the r(»sidual gold in the ore after thorough cyanidation is totally 
encased in the pyrite, which constitutes only alxnit 2 per cent of 
















CONCENTRATION OF ORES 


157 


the total weight of the ore. Stage and selective grinding of the 
sulphides is now practiced. Flotation had been tried prior to 
and during 1924 at Modder De(»p to separate a pyritic con¬ 
centrate for selective grinding. Flotation is again being seriously 
consid('red for the treatment of Rand ores, according to T. K. 
PnMitice in Bui., LM. and M, April, 1935. Exp(Tiinents have 
been mad(' at the Si miner and Jack mine and at the Government 
Areas. At both of these* plants the sand residin' is n'latively 
high in gold, and it is probable that a large plant will li(‘ built 
at each of these mim's to separate* a flotation eoncc'iitrate* Irom 
the* original sand. The concentrate* will be* re'greiund and 
cyaniele'd, and the flotation residue* will pass nii to the existing 
sand plants for cyanide* treatment. 

CONCENTRATE TREATMENT 

In the tre*atment anel disposal of gravity and flotation con- 
e*entrate*s both metallurgical anel e>conomic fa(d-e)rs must be 
consiele*re*d. In gene*ral, loe*al tre*atme*nt is pre'fe*rable*, but 
prejximity to a sme*lting ydant, low transj)ortatie)n rate\s and 
reasonable sme*lting e*harge‘s may favor the* shipping of con- 
e*e*ntrate's over making the capital outlay for a local plant and 
tre*atme'nt. 

Fe)r le)cal treatment the*se med-allurgical epje\sti(>ns must also 
l)e‘ answe*re*d: Shall the* e*e)ne*e*ntrate be treatejd raw or re)asted? 
Shall the* e^oncentrate* re*sidue be discarded or returned to the 
main pulp flow for further treatme*nt? 

The prevailing practie*e* in Aust ralia is to treat coneHUitrates by 
roasting and cyaniding; in North America and on the Rand 
treatment of the raw ceme-entrate is preferrejd, but roasting is 
being considered in some mills. 

Erne'st Gayforel, in Trams. 112, A.I.M.E., 1934, in diseaissing 
ore treatment as a fae*tor in small gedel-mining enter})rise*s (15 te) 
150 tons pe*r day), at the highe'r price (S:i5. per oz.) fe)r gold, 
concludes that, as with base medals, the nearer the* produe!er can 
get to making a finished product himself the greater will be his 
reward, the net returns for bullion being necessarily highe»r than 
for the same amount of gold se*nt to a smelteT in concenitratcis. 
On a shipment of bullion containing 100 oz. fine gold, the return 
would be $34.81 an ounce. If 50 tons of 2-oz. concentrate, 
20 tons of 5-oz. concentrate or 20 tons of 10-oz. concentrate were 
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sent to a smelter, the net respective yields based on average 
conditions would bo $26.03, $28.94 and $30.64 per oz. Of course 
the charges against the concentrates include haulage, freight and 
treatment. 

3Dup /ey Qoa^fer 
Push coni/ifft/iQf 



Fi(». 5S.- Flow-Hhfot, ('(iiicoiitnito troalmeiit, Luke View and Star, KalKoorlie. 

Idaho-Maryland Concentrate Treatment. —About 70 to 80 per 

cent of th(* gold in tin* ores of the Idaho-Marylaiid Mines Corpora¬ 
tion occurs in the free state, the remainder being associated with 
sulphides. 

About 90 p(vr cent of the free gold is recovered on Hungarian 
riffles, Deister tables or by plate amalgamation. Some of the 
sulphides an* taken off the (‘leaner tables, and the remainder are 
floated from the table tails. In addition, the flotation plant is 
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treating old tailings, and the combined concentrate goes to the 
cyanide plant. 

Tlie concentrates are cyanided in a plant having a capacity 
of about 30 tons pcT day. Figun' 59 gives the flow-sheet of this 
plant. Concentrates after filtering are weighed and sampled 
and then roground in cyanide solution in a 5 by 18-ft. Allis- 
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Dnecipifafhn 

Fi(i. r>a..Flow-shrot: of I da ho-Mary lain! cniKM'Mlratc plant. 


Chalmers tube mill in closed circuit with two 12- by 16-ft. 
Devereux agitators and an 11-ft. diameter Dorr bowl classifier. 
No. 2. Danish p(d)bles are used in the mill. 

The bowl overflow is held at 12 to 15 to 1 dilution at which 
the maximum siz(‘ of sulphide ])articles ov(*rflowing is 400 mesh. 
The bowl overflow goes to a 20-ft. diameter Dorr thickener. The 
overflow is precipitated and the underflow at 60 to 75 per cent 
solids goes to one of four 12- by 10-ft. Devereux agitators. The 
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pulp is diluted to 3 to 1 dilution with barren solution and agitated 
36 hr. The eritin^ charge is then puriii)ed to one of three 13- by 
12-ft. D(ivereux agitators, moni barren solution is added and 
48 hr. additional agitation given. A 24-ft. Dorr thickener 
dewaters th(? pulp, th(^ overflow goes to a weak-solution tank 
and th<? undc'rflow is filtered on a 6- by 8-ft. Oliver filter. A 
barren-solution wash is used on the filter. 

Merrill-( 'row(» simultaneous clarification and precipitation 
is used. Two men are required to operate the plant at full 
capacity. 


Mine 



Fnj. 00. - r<irty-t(iii imiiilKiiniatiiiff mul foncoiitratini^ plant. 

Reagent consuiu])lion averages: Oyaiiide, 7 lb.; lime, 10 lb.; 
flint pel)l)les, 5 11). per ton (‘oncentrate. 

Willow Creek Treatment. —From 40 tons of on‘ (sec' Fig. 60) 
the Willow C>e(*k Mines Company, Luckyshot, Alaska, collects 
1500 lb. of concentrate daily. This consists of pyrite and 
arseilopyrite, with small amounts of chalcopyrite and azurite. 
Some of it is saved on a Gibson table, and some in a minerals- 
separation flotation machine. T\w high-grade table concentrate 
runs through a bab'a, the tailing of which together with the low- 
grade table concentrate and the flotation concentrate goes to an 
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amalgamating pan operating in closed circuit with a Hardinge 
mill and Akins classifier. Grinding is done in lime water to 
98 i)er c<*nt through 200 mesh. Pumping is doiu* by air lift 
to provide additional aeration with the lime solution prior to 
cyanidation. 

Cyanidation consists of treating batches of 3000 lb. of (‘on- 
centrate l)y intermittent agitation, settling and di‘canting. This 
is done in thnn 6- by 8-ft. Devereux agitators wliich have an 
IS-in. ('(Mitral downcast iiipe. Air at 25-lb. pressure is us(^d. 
Of tlie 140 hr. of sulphide-cyaniih^ contact, 04 hr. is by agitation. 
The consuin|)tion by cyanide is 15 lb., and of liiiu^ 25 lb. per ton 
of concentrate. The loss of dissolv<^d gold is $1 per ton. Zinc 
shavings, 8 lb. per ton of concentrate, jinn'ipitate the gold from a 
pregnant solution assaying $30 p(M* ton. Onc-t(Mith iiound of 
lead acetate p(M* ton of solution is added to the clarifying sand 
filter. 

HxM'overy of the original gold in th(' ore totals 96 p('r c<Mit .60 

per c(Mit in the batea, 20 p(?r cent in tla? pan and If) per c(Mit from 

the conc(Mitrates. 

Shipping to Smelter. —Read, D<Mmy and Hutchison, (|uot(Ml 
laKM* on treatiiKMit of silver ore, give schedules of tlu^ cost of 
sending conccMitrates to a smelter. They consid<M*ed that a 
most serious objection to the flotation ])rocess is the difficulty of 
treating the conc(Mitrates to re(a>V(M' the silver as fim^ metal. In 
general, the freight from Cobalt, Ont., was $24.50 j)er ton; 
smeltc'r tnMitment charge, $14. p(T ton; smelter deduction, 5 per 
cent; refining charge ' [ ct. per oz.; represiMitation and assaying, 
86 cts. p(?r ton. On six grad(\s of conciMit rates tin; ('barges and 
ndurns wctc as follows, silver then being 65 cts. jxm- oz. : 


Cost ok anm) Rktchns kuom SMKi/n.\<i C^onckntkatk 


Grades, 

Value* p<*r 

(yliargcs per 

N<*t JMT 

Yield, 

ouiu*e.s 

ton 

ton 

ton 

per cent 

per ton 





100 

$65.00 

$42.7f> 

$22 24 

34 21 

200 

130.00 

46.26 

8 ;i 74 

64.41 

300 

195.00 

49.76 

145 24 

74 48 

400 

260. (K) 

53.26 

206.74 

79 51 

500 

325 00 

56.76 

268.24 

82 53 

600 

390 (K) 

1 

60.26 1 

i 1 

329.74 

84.55 
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These figures show a marked advantage in producing and 
sFiipping a high-grade concentrate. 

At the California Rand Company mill in Southern California 
the flotation concentrate was shipped to a smelter with rich crude 
ore. During 1932 the results were as follows: 


Conceritrato shipped, tons. 6,918 

Value. $1,747,702 

Ores sliipp(id, tons. 5,013 

Value. 525,821 

Smeller charges: 

Treatment. 147,851 

Deduction, 5 per cent. 104,279 

Antiinony penally. 9,388 

Freight. 113,219 

Total. $374,737 


Although the charg(\s against the eoncentrat(\s vv(u*e not shown 
separately, the average for 11,931 tons of (‘oiuMMitrate and ore 
was $31 per ton. The penalty for antimony was almost 80 cts. 
per ton. However, smelting probably was the ('asit^st way 
to handle the concentrate, especially as crude ore was being 
shipped. 


RAW TREATMENT 

Raw treatiiH'nt of concentrat(»s usually requires fiiH» grinding 
and prolonged contact—up to 16 days—-with cyMiiidcr solutions. 
Concentrates in which the gold is associated with pyrite only 
usually respond satisfactorily to raw treatnuait by cyaniding 
following fiiK' grinding; when the gold is associated with other 
minerals, raw treatment frequently does not give satisfactory 
extraction. 


NORTHERN ONTARIO TREATMENT 

Practice in 'Miandling’' sulphides in the Kirkland Lake and 
Porcupine districts vari(*s from grinding and treating them con¬ 
currently with the remainder of the ore to (mtirely separate 
treatment and is summarized as follows for the plants visited: 

Kirkland Lake District. —^Teck-Hughes and Tohurn grind the 
ore as a w hole and cyanide it by agitation and filtration and by 
decantation and filtration, respectively. 
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Lake Shore floats its sulphides and tellurides after the whole 
pulp has been eyanided, then regrinds th(‘ minerals and cyanides 
them again. Separate pn^cipitation circuits are maintained for 
the solutions from the r(»gular mill and the concentrate-treatment 
plant. 

Wright-Hargreavcfi floats its sulphi(l(*s aftc'r tlu' whole pulp 
has been eyanided, regrinds tlu' minerals and returns them to the 



Fi(i. 01. Twol vo-foot-wi(h* Dorr FX ola88ificr in circuit with 9- by 7-ft. 

Aili8-('halnii‘r8 Imll mill ut WriKlit-iiarKmivcH, illuHtrafiiiK raiHing of btill-inill di»- 
fharge to classifier l)y means of Hiiiral-scoop elevator, and gravity ret urn of elassi- 
fier sands. 


circulating piilj) for further treatment. There is no accumula¬ 
tion of sulphides in the circuit. 

Porcupine District. —Coniaurum grinds the on* as a whole and 
cyanides it by agitation and filtration. 

Donif y by means of cone classifiers, builds uji the sulphides 
in the pulp from 3.75 to 9 per cent. Thfise an* ground separately, 
passed over corduroy tables and mix(Ki with the remainder of the 
pulp for agitation and filter pressing. 

HolUnger collects its sulphides on Deister double-deck tables, 
regrinds them and th(*n mixes them with the remainder of the 
pulp for agitation and filtration. 
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Mclniyre-Porcupine floats its sulphides and cyanides them 
only. The reinaindcir of thc‘, pulp is discharged to waste. 

ROASTING TREATMENT 

The roasting of c()!K*(Mitrat(\s is old i)ractice and has been used 
in many parts of the world pr<‘ceding chlorination, cyanidation 
or shipment to smelters. 

KxAMeLKs OF Roasting 

Cam and Motor Treatment. —Soiru' intc^n^sting analyses of on^ 
and con(;(^ntrat(‘s at the (-am and Motor mine, Rhodesia, are 
giv(^n by Digl)y Burnett, in A/.M., F(‘bruary, 1926: 


Analykks oe Cam and Motor Ore and Concentrates, Per Cent 


] 

Censtit 

1 

! Or^ 

Ximwv.Y 

e?once‘n- 

t nit tits 

Fle)t}ition 

e*e)ne‘e^n- 

tratos 

Roust eel 

e*onct*ntnit(\s 

Silica. 

' 58.77 

49 97 

28.93 

53 25 

Arson i(^. 

0.51 

2.80 

4.00 

0.00 (e)xielo) 

Antirnony. 

1.19 

1.30 

7.80 

2 .57 (oxide) 

Suljihiir. 

2.13 

7.03 

15.70 

5.12 (SO,) 

Iron. 

1 50 

9.80 

14.00 

14..W (oxide) 

Alinniiin. 

7. ,35 

7.79 

10.73 

9.80 

Liino. 

tl.lO 

5.33 

3.38 

5.73 

MiiKnosia. 

4 32 

3.89 

2.51 

3.00 

Cnrhon dioxicitv 

; S..58 

7.77 

5.30 

3 40 

Titiiniiim oxide*. 

Crapliito. 

i 0 20 
Truce* 

0.17 

Tnifo 

0.20 

MHfiK.'inosc. 

'FmeM* 

'rmce^ 

Trace 

Trace 

Water. 

5 17 

3.10 

5.82 

2.35 

Total. 

9S. 88 

99.07 

98.80 

99.94 


T1h‘ treatment of tlu* eonc('ntrates is not simple; by roasting 
and cyanidation an extraction of 90 p(*r cent is made. 

In a rc'cent communication, Mr. Burnett, general manager and 
consulting engin(»er, r(‘ports that prior to 1926 flotation con¬ 
centrates were mixed witli gravity concentrates and sent to the 
roasters. Between July, 1926, and April, 1931, because of the 
high percentage of antimony in the ore, the flotation concentrates 
were sent to a blast furnace. In April, 1931, in consequence of a 
considerable decrease in the antimony content, the blast furnace 
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and flotation plant were shut down, and 34 James slime tables 
were installed. All concentrates from these tables are mixed 
with those from the Record vanners and are sent to five Edwards 
roasters (see Figs. 62 and 63). 

Flue dust from these furnaces is agitated with cyanide and 
filter pressed, the residue being pulped, dewatered and fed to the 
roasters for further treatment. Roasted ore is first cyanided, 
weather(*d for four months, ground with cyanide, run over 
blankets, separated into sand and slime in a cone and Dorr classi¬ 
fier and th(‘ two products cyanided. Gold is pr(ici])itated on 
zinc shavings. 



Kio. 03. Por8pt»(;tivo view of Edwards simplex adjustable furnace. 


Golden Cycle Treatment. —As exi)Iain(HJ (dsewhen', the Golden 
Cycle mill at Colorado Springs treats the products from three 
different sections of the plant. These are roasted in eight 
Edwards furiuu^es -oiu' for coars(‘ and seven for fine material. 
The coarse* material contains 96 p(*r cc'nt plus 8 mesh; the othe*r 
fe(*d is from plus 8 to minus 200 rnesh. This sizing reduces find 
consumption. Eaedi furnace will roast 115 to 130 tons per 
day. 

Tin* dui)lex furnaec^s (see* Fig. 62) have a hearth area of 13 by 
115 ft. with a slope* e)f 2 in 12 in. Each furnace has 27 water- 
cooled ral)bles in eae*h line* traveding at 3 r.p.m. The ore* passes 
through the furnace in 6 hr. Each furnace re‘quire\s 16 hp. 
At the dise*harge end is a coeding Inearth 13 by 44 ft.; the* rabble's 
in this se*ction make 6 r.p.m. Calcines from the cooling hearth 
are mo^'e‘e^ by a 350-ft. drag conveyor which has she*et-iron fins 
or flights 8 in. deep and 34 in. long. The ceinveyor consumes as 
much power as eine furnac*e. At the enel the ore is coe)led to 
85°C. The roasted ore is finally ground and cyanided. 

Colorado lignite e)f a heating value of 8700 B.t.u. is burned in a 
semigas producer type of firebox using live steam. The consuinp- 
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tion of coal is 230 lb. per ton of ore roasted, plus 8 per cent to 
generate the steam. By care in feeding the charge into the fur¬ 
naces, by better draft control and by choking the calcine dis¬ 
charge, the metal loss in stock dust has been reduced to 4 cts. 
per ton of ore. Indicating and recording pyrometers are used, 
and sulphur analyses are made daily. 

The formation of calcium sulphide and calcium sulphate 
from basic ores is undesirable, the former decnrasing dissolution 
of the gold and precipitating silver, under certain conditions. 
The sulphate shows its presence at various points in the ecpiip- 
immt. Therefore, careful attention to the roast is essential. 

Arsenic is also recovered from the Hiui gas from the con¬ 
centrate-roasting furnaces at the Wiluna gold niiiK*, VvestcTii 
Australia. The flotation plant there treats 1500 tons per day. 

ACID TREATMENT 

Th(^ treatment of material by acid in order to pn^pan* it for tlie 
more econoniic^al api)li(‘ation of cyanides or oth(‘r intdallurgical 
means of gold or silver n^covc^ry has betm suggestcnl in many 
cases, and experiments have been made to df'termiiKJ tlu^ possi¬ 
bility of using it. In only a few cases, however, has it Ixmui tried 
on a practical working scale, mainly in preparing a(^(!unuilated 
panamalganiation tailings for cyanidation. Results have not 
been encouraging, since it has b(Hui found extremely difficult, if 
not impossible, to remove the acid so compl(d(‘ly as to avoid higli 
consumption of cyanide in the subsecpK'nt tn‘atm(*nt. 



CHAPTER X 


BULLION RECOVERY 

Regardless of subsequent treatment in an ore^ it is best to recover the free 
gold as early and as completely as jmssible in the flow of pulp. For this 
purpose there are available and suitable mercury in stamp mortar boxes if 
they are used^ amalgamated copper plateSy various traps^ tables, corduroy, 
strokes, jigs or a unit flotation cell arul hydraulic c^me in the grinding- 
classifying circuit. Information is given regarding the use of amalgama¬ 
tion follouing stamps awl following a hall mill awl on the use of corduroy 
strokes which is supplanting copper plates. The hydraulic trap ami the 
unit flotation cell are being used in, in,creasing numbers. These devices 
ami their application are described. 

Preci'intation of gold and silver on, zinc: dust or on zinc shavings is fully 
treated, from the clarification ami deaeration, of cyanide solutions to the 
cleanup ami melting of the. bullion. The use of aluminum dust, sodium 
sulphide ami charcoal as preeijntants receives attention. 

THE UNIT FLOTATION CELL AND HYDRAULIC CONE 

To savo (?oars(5 gold and inin<*rals at an oarly stage in milling 
some plants are installing the Denver hkpiipment 8uh-A flotation 
e(dl and hydraulic cone. Figure 64 shows its plac(* in the circuit 
at the Mclntyre-Ponaipine mine, Ontario. The Golden Cycle 
mill at Colorado Springs uses a unit cell l)<‘twc;en ball mill and 
classifier and treats the ri(4i concentrate in a small WluH'ler- 
type pan. The flotation machiiu^ and its use in this circuit have 
b(‘en patented in several countries. 

The unit flotation cell prevents the accumulation of fre(», 
gold ill a ball-mill classifier circuit by removing coarse^ gold 
as soon as possible. Otherwise, because^ of its high specific 
gravity, the gold remains in this circuit until finely ground. 
Also, periodic surges of the classifier may allow this accumulation 
of gold to get into the mill circuit with resulting loss because the 
regular treatment is not effective on th(‘ high-grade pulp. More¬ 
over, the gold sufficiently fine to overflow the classifier lip is 
likely to become coated with sulphide slime during the grinding 
operation, n^ducing the recovery by flotation. 

168 
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HYDRAXTLIC GOLD TRAP 

The hydraulic trap, another inetliod of catching gold, is 
described by Ernest Ga3dord in Trails. 112, A.I.M.E., 1934, and 
is shown in Fig. 65. It is a simple devict* inserted in the mill- 
classifier circuit; sometimes two or mort* are used in st'ries. At 
the ]\fontezuma-Ai>ex jdant, Nashville, C'alif., the 65-mesh 



Fig. 04.— Denver Etjuiprneiit Conip.'iny unit flfit.'ition coll and hydraiilie cone in 
tulKJ-niill classifier circuit. 


disrhargo from each of two Marcy mills y)asses through five 
hydraulic traps, followed by corduroy tables, Dorr classifiers 
and flotation. The traps an* bled daily and thoroughly cleaned 
out twice a month. The product is concentrat(^d periodically 
on a small Wilfley table. The conc(*ntrate is ground and 
amalgamated in a barrel, and the tailing returned to the mill 
circuit. 


AMALGAMATION 

Gold recovery by mercury, or amalgamation, which has saved 
so much of the gold of the world, is, at large mines, becoming 
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of less importance. Probably at small operations, amalgamation 
will be continued, unless corduroy supplants it. Because the 
methods are generally known, brief descriptions only are given 
of amalgamation in the mortar boxes of stamps and on copp)er 



plates and the handling of amalgam. Figures 59 and 60 show 
flow-sheets of amalgamating plants. 

A Berdan pan is eff(‘etivc* for cleaning mercury or amalgam 
or for amalgamating corduroy gold. The pan of this type, made 
by the Mine and Smelter Supply Company, is susf)ended at an 
angle from a guarded, gear-driven spindle within a frame of 











BULLION RECOVERY 


171 


angle iron standing ft. liigh. The bowl or pan is 24 in. in 
diameter and runs at 20 r.p.m., taking hp. Grinding is done 
by means of an 8-in. steel ball running loose in the bowl. Mate¬ 
rial as coarse as }'i in. may be fed to the pan. A Berdan pan 
can be fed continuously or intermittently If the latter method 
is employed, when the material has hovn ground, a sup|)ly of 
w'ater will wash out the slime and leave clean amalgam. This 
pan can be used for the cleanup or for grinding con(*entratc*s at a 
small mine or for grinding and amalgamating ri(‘li on*. 




Amalgamation at Alaska-Juneau. —A concentrai<5 assaying 
$20,000 to $30,000 in gold per ton collected from concentrating 
tables each day is ground in a 2- by 4-ft. barrel, running at 
30 r.p.m.; a piece of 6-in. shafting is the grinding medium. To 
the concentrate are added 600 oz. mercury and 3 lb. freshly slaked 
lime, and the mixture is ground for 5 or 6 hr. The barrel is 
discharged, while running, through a H-in. hole into a 4-ft. 
mechanical batea, which removes most of th(^ galena. Residue 
in the batea is cleaned by hand, and the amalgam scpieezed in an 
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air-operated press. The concentrate discharge from the batea 
averages $75 gold per ton. 

The amalgam is retorted in an oil-fired, east-iron, horizontal, 
cylindrical retort, in which are placed small, semicircular, cast- 
iron boats. The amalgam yields 60 to 65 per cent gold, and the 
mercury loss is 1 per cent. This gold is melted in an oil-fired 
tilting furnace, soda and borax glass l)eing used as flux. The 
molten metal is sampled with a graphite sampUu-. Forty minutes 
is required to melt 1200 to 1600 oz., which makes one bar. The 
bullion assays 850 fine in gold and 130 fine in silver. 

One man takes care of amalgamating, retorting and melting. 

Amalgamation at Argonaut, Calif. —Mortar-box and plate 
amalgamation at the Argonaut mine, Motlnu* Lod(* district, 
saves 70 per cent of the gold, according to S. E. Woodworth 
in /.C. 6476, U.S.R. of M., 1931. 

Ainalgainatioii is practiced l)oth inside and outside the 12-stamp V)at- 
teries. For inside amalgamation, straight-sided, copper-faced, wooden 
chuck l)locks are used. These lilocks are equipped with half-round 
iron strips, s|)accd 2 in. apart, for their entire length. It was found 
that the half-round strips assisted amalgam to build up to a greater 
thickness than did the smoother block. If the hourly inspection of the 
chuck blocks indicates that mercury should be added, it is fed in meas¬ 
ured quantities from a horn spoon with the iiiconiing ore at the back of 
the batteries. The chuck blocks are cleaned twice a month or oftener. 
The total quicksilver fed is recorded and giA cs a close estimate of the 
free-gold content of the ore crushed. 

The pulp passing the battery screen falls u})on reverse splash plates, 
the first of which is 5 by 51 in. in size with an area of 1.77 sq. ft., set at 
a slope of 3 in. per ft., and the second is S by 51 in. in size with an area 
of 2.S3 sq. ft. and an inclination of 4 in. per ft. There is a drop of 2 in. 
between these plates. On leaving the reverse splash plates the pulp 
drops 5 in. to the cast-iron lip of the mortar, 'riiis drop is variable, 
de[K;nding on the height of the battery discharge. I>oin the mortar 
lip, the ])ulp falls 4 in. to an amalgamated a})ron plate, set at a slope of 
\\-4 in. per ft. This plate is 49 by 68 in. in size and has an area of 
19.4 s(i. ft. An amalgam trap consisting of a wooden box of length equal 
to the wddth of the plate and of a uniform depth of S in. is attached to and 
forms a part, of the apron frame. The pulp flow s from this trap through 
four 2-in. iron nipples, set in the side of the box, on a plane 4 in. from 
the bottom. The pulp, issuing from these nipples, drops through a 
10-mesh, woven-wire, brass screen to the sluice plate. If a battery 
screen is punctured, this lO-inesh screen catches the coarse oversize. 
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The total drop from the discharge nipples of the trap to the sluice plate 
is 6 in. This plate is set at an inclination of 1 } i in. per ft. and is 46,V<2 in. 
by 16 ft. in size. It has an area of 62.10 sq. ft. The total length of 
plates per battery is about 21 ft., and the total plate area is 86 sq. ft. 
On the average tonnage this represents about 4.3 scp ft. of plate area 
jjer ton of ore milled per day. As the pulp leaves the sluice plate it 
drops into another amalgam trap which is attached t-o and forms a part 
of the plate frame. This trap is a wooden box built the entire width of 
the plate, but unlike the first trap it has a sloping bottom; and the 
depth of sand adjacent to the plate discharge is but 4 in., whereas the 
depth along the traj) overflow is (5 in. All plates, including the chuck 
blocks, are made of copper which weighs 5 lb. i)er s(|. ft. and are electro¬ 
plated with 3 oz. of silver per sq. ft. of contact surface. 

When the tube mills operate and grind the sands from the classifier, 
which treats the tailings of the first two rows of vanners, the ground 
product is amalgamated on eight shaking plates 4 by 5 ft. in size, 
whicli have a combined area of 160 sq. ft. These piaies are set upon a 
slope of 'f j in. jier ft. and are oscillated ninety times a minute by a simple 
strap eccentric. 

h^ach morning the amalgam on the apron and sluice plates is softened 
wdth mercury, rublied with a rag, cleaned with a rubber squeegee and 
dressed wdth a whisk broom for the day’s operation. The cleaning 
and conditioning of tliese ])latcs rcHiuire ab(»ut 3'2 hr. The monthly 
cleanup, including retorting of amalgam and melting of bullion, occupies 
5 days. On the first day of the cleanup all sluice plates are cleaned and 
scraped with wide-faced putty knives, and in addition one battery is 
dismantled, cleaned and reassembled. During the second day six 
apron plates are cleaned and scraped with a scraper made from an old 
file, the end of which has been flattened, w idened, sharpened and turned 
at right angles to its length. Two additional batteries are cleaned on 
this day. On the third day, the remaining six apron plates are scraped 
and cleaned, and three more batteries are cleaned out. During the 
fourth day all splash plates are taken to the cleanup room to be steamed 
and scraped, and, in addition, four batteries are cleaned up. The two 
remaining batteries are cleaned on the fifth day. 

The amalgam recovered from dressing the plates each day is squeezed 
into a pellet and stored until retorted wdth the general cleanup amalgam. 
Residues taken from the batteries are placed in an amalgam barrel, 
which contains three pieces of stamp stem and which is rotated for 
about 12 hr. Mercury, amounting to 350 troy oz., is then placed in 
the barrel, which is again rotated for an additional hour or two. It is 
then stopped, opened, cleaned and the pulp run into a storage box under 
the barrel. From here it is fed by the cleanup man to a power jig, the 
bed of w'hich forms on a fine wdre screen. The amalgam is found in the 
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hutch of the jig with the iron floating on the amalgam, and the sand 
over the iron. When all of the barrel charge has passed through the 
jig, the sand is scooped from the hutch, the iron is removed by a magnet 
and the liquid amalgam is removed through a spigot into an iron dipper. 
Here it is further cleaned by mechanical agitation and a water jet 
which removes any foreign matter present. After squeezing the 
cleaned amalgam in a canvas cloth by hand and removing most of the 
liquid mercury, additional mercury is removed by further squeezing 
the soft amalgam in canvas, using a mold and a hydraulic press. 

The final amalgam from the cleanup, placed in trays, is sealed in the 
retorts during the afternoon of the fifth day. The retorts are heated, 
and the quicksilver volatilized and condensed during the night. Wood 
is used for fuel. The next morning, the sixth day, the bullion sponge is 
removed from the warm retort, placed in graphite pots and, after melt¬ 
ing in oil-fired furnaces, is poured in bars which arc shipped at once 
cither to the American Smelting and Refining Company at Selby or to 
the United States mint at San Francisco. The trays into which the 
amalgam is placed for retorting are painted with a chalk-and-water 
emulsion which is thoroughly dried Vjefore using. This coating assists 
in a clean removal of the gold sponge after retorting. 

During 15 years the bullion has averaged 821 parts gold, 159 parts 
silver, and 20 parts base metal. The mercury loss is 0.17 troy oz. per 
ton of ore milled. 

Amalgamating Ball-mill Product. —At one time it was thought 
l)y soiiK^ millnieii that only the pulp from stamps was suitable 
for amalgamation on plates. That this is not so today is showm 
by the practice at th(» Porcupine United plant at Timmins, 
Ontario, in which plate amalgamation follows ball milling. The 
ore consists of quartz with fine string(‘rs of schist or of banded 
quartz schist or of stringers of quartz in schist. About 75 per 
cent of the gold is free and fairly coarse, according to R. A. 
Vary in LC, 6433, of M,, 1931. Half-inch ore is ground 

to 65 per cent through 200 me.sh in a Ayi-ii. by 16-in. Hardinge 
mill. Amalgamation, as indicated in Fig. 67, is done as follow\s: 

The ball-mill discharge falls into a distributing box where water is 
added, and the flow distributed to two 4- by 8-ft. copper plates in. 
thick and with a slope of in. per ft. The box traps considerable 
coarse gold. It is cleaned out once a week, and its contents run through 
an amalgamation barrel. The table frames supporting the amalgama¬ 
tion plates are constructed of 2- by 4-in. luinl>er, with crosspieces placed 
on edge and spaced 6 in. apart. The table decks are made of 1-in. 
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shiplap on which copjHjr plates are screwed, "rhe slojic of the deck can 
\ye changed to suit conditions by placing wedges between the deck and 
the table frame. The plaU's are not silvered, and the copper has to l)e 
treated with a weak cyanide solution before the mercury will amalga¬ 
mate w-ith the copper. Little trouble has been exi)erienced by copjx^r 
showing on the plates. 

Mercury is shaken on the top half of the [dates, and none is added 
elsewhere. Ordinarily the plates are dressed every ,5 hr., but oftener if 



Kio. (>7. That part of the Porcupine.* United mill .showing; amalKanialion practiee. 


9. Chntp. 

10. Hall-inill feed conveyor. 

11. Utill mill. 

12. Amalgamation platca. 

13. HlankctH. 

14. Bucket elevator. 

15. Dorr classifier. 


10. Gi(>si>ri iiinale»mator. 
17. .lames tables. 

IS. TnilitiRs elevator. 

19. W’liler tank. 

20. AmalKamatit^n barn^l. 

21. Concent rates bin. 


the ore is rich. The method employed in cleaning a jdatc is to by-pass 
all the feed to the other plate, clean off all ore jiarticles, t hen brush the 
plate well with a stiff whisk broom, working any loo.se amalgam to the 
top of the plate. The loosened amalgam is removed, and if this leaves 
the plate too dry, mercury is shaken on and rulibed in well. The plate 
is then brushed horizontally, working from the center to the .sides and 
starting at the bottom and working to the top of the plate. Any 
amalgam or loose mercury adhering to the sides of the plate is then 
brushed to the top or removed if the amount is apprecialile. 

On the morning shift the plates are given an extra l)rushing, and mer¬ 
cury is added to loosen the amalgam. Then the amalgam is stripped 
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off with a piece of rubber conveyor belting, stripping being done at 
right angles to the slope of the plate; the amalgam is lifted and the 
f)lates redressed in the usual manner. Care is taken that the plates 
are not stripped too clean. 

Little crystallization of the copper takes place, and the plates are 
rubbed occasionally with a weak cyanide solution, which removes any 
tarnish or stains, hmough water is used to maintain an even flow of 
pulp over the plates, and when the ball-mill discharges too much coarse 
material, the feed is cut off for a short period. Forty per cent of the 
total gold recovery is made on the plates. 

On the lower end of each table below the plate is fastened a sheet of 
• s-in. iron plate, 42 by 4S in. A blanket of No. 6 silence cloth is laid 
on this })latc and secured by a flat iron bar l-s in. thick and 2 in. wide 
laid on toj) of the blanket. The bar is held by notches cut in the table 
frame. Tlie pulj) from the amalgamation plates passes over the 
blankets; i)yrite, fine gold and mercury from the plates arc caught on 
the blankets, 'fhe l)laukets are changed and washed in a tub after 
each dressing of tlie plates, the blanket coiujentrates being sent to an 
amalgamation barrel for treatment. The plate and blanket tailings 
dro)) to amalgam traps at the end of each table and are elevated there¬ 
from by a bucket elevator which returns them to the Dorr classifier. 
This elevator has a deep sump which is a good trap. The sump is 
cleaned out at regular intervals. Amalgamation takes place in the 
whole circuit. lOlevator discharge launders, classifier and other launders 
all cf)llect rich sand and amalgam; these are cleaned out periodically and 
treated in the amalgamation barrel. Thirty-five per cent of the gold is 
recovered by barrel treatment. 

The rake product from the Dorr classifier is returned to the ball mill, 
and the overflow runs by gravity to a Cdbson impact amalgamator, 
attached to a James sand-concentrating table. The amalgamator 
catches float mercury and fine gold which has escaped the amalgamation 
plates, blankets and traps. Uie amalgamator is o|)ened and washed, 
and its plates are scrai)ed once a week. The James table is operated at 
250 r.p.m. with a 'b|-in. stroke. The table concentrates, averaging $40 
per ton, are dewatered and sent for cyanide treatment to an affiliated 
company. The table tailings are elevated by a bucket elevator to the 
tailings dump. The table concentrates and table tailings are both 
sampled hourly by hand by taking dip samples from their launders. 

The concentrates or sands from the blankets, traps and launders are 
ground for 10 hr. in a cast-iron amalgamation barrel, 16 in. in diameter 
and 36 in. long, revolving at 22 r.p.m., using worn balls from the ball 
mill as grinding media. Then about 250 oz. of mercury and 3 lb. of 
slaked lime are added to the charge, and it is again ground for 5 to 8 hr. 
The barrel is washed out into a box, the iron balls are carefully cleaned 
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by hand, and the residue is run over a small ainalKaination plate to the 
mill circuit. The mercur}^ and amalgam are collected, washed and 
cleaned with hot water and then squeezed by hand through line sheeting 
to eliminate excess mercury, retaining the amalgam in the form of a ball. 

The amalgam is retorted outside the mill over a wood fire at regular 
intervals, using a cast-iron retort which has a capacity of 1(K)0 oz. 
Tlie sponge-gold recovery is .‘15 to 40 per cent the weight of the amalgam 
retorted, and the mercury loss is small. The sponge* gold is melted in 
an oil-burning furnace at the affiliated company’s refinery. Soda, 
borax and manganese dioxide are used for flux, and the molds arc* coated 
with lampblack. The bullion is sampled by drilling small h ole's in 
oi)|)osite ends of tlic bar at top and bottom. The average grade of 
bullion is 770 fine ii^ gold and 120 to 140 tine in silver. 

The crew for the 2r)-ton mill consists of two amalgamators working 
S hr. each. On the daj' shift the mill is operated by a mill foremait who 
takes care of cleaning the amalgam, retorting and in(*lting. 

The ore averaged $11, the coneentrator heads or copper |)hito tailings 
$2.S0, the concentrator tailings $1.80 and the concentrates $40 per ton. 

Golden Chariot Amalgamation. —In this Idaho plant, thc^ 
liall-inill pulp first flows through a rifllc'tl laumhu*, tlnm to a 
classifier the overflow of which goc's ovcu* (‘orduroy tablets, fol¬ 
lowed by e()i)p(T i)lat(‘s. lii (his seetion of th(‘ plant 84 p(‘r e(*nt 
of th(‘ total gold and 11 cent of th<' total silv(*r an* n*(*ov(*r(*(l. 
Flotation follows. The corduroy is waslied once* a day. 'rhr(*e 
copi)er plates have a total an»a of 144 .scp ft. for 100 tons of on* 
milled dail}^ and an* set at 1* 2 P<‘*’ ^1* ^ l)lntes an* dressed 

with sodium hydroxide and m(*reury e\'ery 0 hr.; amalgam is 
remov(*d every 12 hr. by a ])iece of riibbcT belting. 

Homestake Amalgamation. —Honu'stakc* (•xj)eri(*nee favors 
amalgamation as a clump nu^thod of gold n*covf*ry precxxling 
eyanidation. Laboratory tests at mill sizes indicate* that upward 
of 75 per cent of tlie gold is free. Of this, about 60 per cent is 
caught by mercury which is fed to tlu^ rod mills and ball mills in 
closed circuit with Clark-Todd amalgamators and Dorr classifie*rs 
ill the South plant, the only one now operated. 

The amalgamator is shown in Fig. 68. It provides new means 
of increasing the catch of amalgam, by clausing the pulp to 
change direction several times, each change resulting in a retarded 
velocity of flow and affording opportunity for amalgam to build 
up on the plate. In this apparatus the launders are fitted with 
amalgamated trays, wdiich facilitate the attachment of amalgam 
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amalgamated silver-plated copper plate. This plate is also 
removable and is taken out and cleaned at more frequent intervals 
than is desirable for the trays. 

Homestake amalgam 3 delds 43 per cent gold; iiKTcury con¬ 
sumption is 3 s cnislu'd, the cost of which is 

1.25 of the 1.4 cts. total cost for amalgamation. 

Kolar Practice. —Formerly, in India, cojqxM* plates in front 
of the stamp mortar boxes and in the tube-mill circuit, also 



Fits. 00. New cyanide plant 3, IToincstake MininK Company, Loud, S. 1). This 
mine has operated continuously since 1887. 


mercury wells with baffle boards below th(‘ ])ia:tes, saved 78 to 
89 per cent of the gold. Now, as at the Ooregum mine, blanket 
tables below the mortar boxc's and l)lank(‘t machines following 
the tu })(5 mills, with copper-jilate amalgamation of the con¬ 
centrates, recover ai)proximatcly as much as with all-amalgama¬ 
tion. In the blanket machines the blanket or carpc't is attached 
to jute cloth or to discarded filter cloth and is washed by spraying 
every \} 2 to 2 hr. 

Rand Amalgamation. —As mentioned under (Corduroy,** 
amalgamation on the Rand is an art of the past, except as it 
concern.^ the use of mercury in treating corduroy and Johnson 
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concentrator material. Most of the plants use corduroy, and a 
few the Johnson machine. 

CORDUROY AS A GOLD SAVER 

'riie use of blankets, canv^as, coco matting and corduroy— 
in fact, any material with nap—to save gold not held by copper 
platc\s, also to catch sonu? heavy materials, has persisted from 
th(i time of Agri(?ola to the present. From this practice has come 
the pr(!serit us(i of corduroy alone to entrap the gold. It lias 
replaced amalgamation on the Rand, is satisfactorily used in 
Australia and in Canada and is slowly bcang introduced into the 
United Stab's. Blankets are preferred at Kolar, India. The 
information on corduroy following is from the article by M. W. 
von Bern(‘witz in E. and M.J.y February, 1935. 

Corduroy is a thick and durable cotton stuff or cloth, cordi'd 
or riblx'd -a i)il(^ or nap on a base. Corduroy for wearing apparel 
diffc^rs from that used in gold recovery in having narrowi'r and 
<*loser cords or ribs. Also, in industrial corduroy, th<' nap has 
be<*n cut as in the pile on certain high-grade floor rugs, thereby 
offering innuiiK'rable sjiaces for entrapping gold. 

TIk^ mat(‘rial is known as a ‘‘pulp-sifting corduroy cloth.” 
It is wov'cn from spixnal material, and after biung put through a 
serrating machine it has a deep pile or nap wdth strong bacrking. 
Then tlu^ cloth is shrunk. It is made up into bales of about 80 yd. 
in two widths—28 and 36 in. Plgures 70 and 71 show the weave 
and nap of corduroy. 

When to Use Corduroy.—No decidcxl answer can be given 
as to tlu' ])refer('nce of corduroy or copjx'r plati's, because both 
giv(' satisfactory reco\'(*ry on ores containing free gold. But 
when siK^h factors as initial cost, skill required to operate and 
maintain, the dang(»r from mercurial poisoning, the possibility 
of theft of amalgam, loss of time, effect of bad water and scouring 
by coarse pulp and necessary general supervision are considered, 
(corduroy seems to have the advantage. Corduroy is not expen¬ 
sive; it does not require skilled labor; theft is not so simple and a 
remarkably large flow of pulp can be passed over it. Even if an 
ore is ground fine, it may pay to use corduroy in the flow-sheet 
and catch the larger particles of gold which might prolong 
cyanidation. 
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Wliat is known as “rusty” gold is amalganiable with difficulty, 
if at all. The metal may be coated with iron, occasionally with 



(h) 

Flo. 70.—Weave and nap of corduroy, natural siae. (n) Plan; (h) end view. 

manganese or other elements. Copper plates will not catch this 
sort of gold, but corduroy will. 
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Method of Applying Corduroy. —In laying corduroy, the cords 
or ribs are jJaced across the table and flow of pulp, with the high 
side of the nap facing the stream. Each length overlaps the 
succec^ding length a few inches. 

In general, th(j slope of the corduroy table must be determined 
by actual trial—the size and specific gravity of the solids and the 
liqtiid-solid ratio being th(‘ i)rincipal factors that influence the 



Fn;. 71.—Corduroy imp, tuilnr^od ton timcH. 

slop(\ An unclassified pulp with up to 2()-in(*sh sand at 4 or 5 to 
1 dilution will flow down VKi in. per ft.; more dilute and finer 
pulj) needs less slope. Roughly, 3 tons of ore passing over the 
tallies should have 1 sq. ft. of corduroy. 

Cloths are rinsed as often as may b(‘ iHa*essary to keep the 
riffles from jiacking with heavy minerals. Th(‘y are kept in 
use until the pile or backing gives way. 

At Lake View and Star 

Corduroy strakes have bet'ii used for three years in the ball- 
milling and fine-grinding sections of the plant, as shown in Fig. 
127. As no free gold can be observed in the flotation feed under 


BULLION RECOVERY 


183 


the microscope, almost complete recovery on the tables is 
assumed. 

Raw Ore. —A sie^'e test of the pulp flowing over primary 
corduroy is 5 per cent on ^ 4 -in., 10 per cent on 10 mesh, 25 per 
cent on 20 mesh, 35 per cent on 60 mesh, 10 per cent on 100 mesh, 
1 i)er c(‘iit oil 150 mesh and 14 jM^r cent through 150 mesh. Of 
th(' ])ulp passing the corduroy tables, 20 pcT cent is jilus 200 mesh, 
'^rhe gold vari(‘s from microscopic grains to flat jiieees up to 
in. in diameter. 

Tlie slop(‘ of tin* primary tables is 1 in 8 , and of the seei'ndary 
tal)l(‘s 1 in 10. Both sets are 3 ft. wide and are 6 and 10 ft. long, 
n'spectively. Tlu' jiulp flow is 8 tons piT sq. ft. per day over the 
primary corduroy and 15 tons over fh(‘ se(‘ondary corduroy. 

The wide-ribbed corduroy, costing 3*2 sliillin^^s (84 cts.) per 
yd., is favored. It is laid so that the deeper iirojecting part 
fac(\s the stream of pulp. To have a s(‘rii*s of (‘xtra-d(M']) ribs, 
cloths ar(' cut and r(‘sewn with the overlaj) against th(‘ stn’am. 

All cloths are waslied each morning, but tli(‘ primary arc* 
clianged ('V(‘ry 12 hr., and the secondary (»v(Ty 24 hr. The 
r(‘sp('ctive liv(‘s are 6 months and 9 months. 

Roasted Concentrates. —Lake* View and Star discards (every¬ 
thing (‘xcept the; flotation conc(entrat(‘, wliich is roastcul and 
cyanided. Corduroy was used to catch the gold in th(‘ pulped 
calc'ine, but it has b(e(*n n'placcMl by cut onion sacks. Th(‘ cahaum 
sulphate formed in roasting clogged the corduroy and r(*ndered 
it difficult to w ash. This burlap costs 6 pence (12 cts.) each sack 
and is of about 6 m(*sh. 

Tlie 3- by lO-ft. calcine tabl(‘s have a fall of 1 in 10, and the 
pulp is 1.3 tons p(er sq. ft. per day of material, 100 per cent 
passing 200 mcish. Tlu* sacking is w’ash(‘d (‘ach im^rning and is 
chang(ed every 12 hr. It has a life of 4 w^^eks. According to 
J. F. 1'horn, general manag(‘r for the company, corduroy sav(\s 
23 per cent of the total gold in Lake View and Star ore. 

Canadian Practice 

At Dome Mine. —Tin* following excerpt describing the Dome 
blanket practice is from the pai>er by P. D. P. Hamilton in 
Tram. 112, A.LM.E. 

In the Dome mill, destroyed by fire in 1929, free gold w'as removed 
from the circuit hy a combination of amalgam plates and blankets. In 
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the new mill an attempt was made to use an alJ-cyaiiicle process, but 
this was quickly dropped, and a blanket plant installed to remove the 
free gold from the circuit. 

The feed to the blanket tables is the unclassified product (about (50 per 
cent minus 200 mesh) of the primary and secondary grinding circuits. 
The pulp is about 5 parts water to 1 part ore. The primary load is 
1500 t<»ns, with an additional circulating load of ajjproxiriiately 2000 
tons, making a total load over th<; blankets of 3500 tons daily. 

There are 2S blanket tables of a combined area of 75(5 sq. ft., each 
table being 4 ft. (i in. wide by (5 ft. long. The tables are of wood, set 
so that the inclination of the blankets is l **is in. per ft. The corduroy 
blankets are 2S in. wide and cut 5 ft. long to allow for shrinkage during 
use. Th(‘ first strip is held in place by a flat iron l>ar, but the other two 
strips are held in |)lace by lai>f)ing the upper one over the next lower one. 
Th<^ “spe(;ial heavy-backed undyed corduroy 28 in. wide” is specially 
manufactured for this purpose by James Johnston, 18 London Road, 
Manchester, Lngland. 

The strips are plac(Ml on the table with the high sides of the cords 
toward the flow of the stream, thus making the necessary riffles to catch 
the gold. The blankets are removed and washed fiv(^ times during an 
8 -hr. shift, three men changing, washing and looking after distribution 
on table's, etc. When the blankets are chang(;d, they are folded and 
rolled up so as to kee|) the ])roduct on the inside. They are replaced 
by another set of blankets but before the next change are washed and 
rolled ready to be reused. The washing is done in boxes, one for each 
shift, th(^ blankets being merely uiinJled and moved longitudinally 
up and down in water two or three times. This removes the greater 
])art of the product. When blankets are discarded, they are more care¬ 
fully cleaiHHl and are then treattMl by cyanide in a small tank until no 
further gold comes into solution. 

The pulp is fed from launders to each table by nuians of a flexible- 
rul)ber pipe. When blankets are to be changed, this hosc^ can be 
changed to a second launder which, by means of a small air lift, returns 
the pulp to t he original feed stream. 

lOach wash tub has a pipe leading out of the bottf>m, so that it can 
be loaded directly into an amalgam barrel set directly below the tub. 
The amount collected in each tube in an S-hr. shift is approximately 
one ton, which is the capacity of the amalgam barrels. The barrels are 
31 in. in diameter by 5 ft. long and are lined with white-iron liners, but 
barrels with cast-iron shells are preferable because they can be used with¬ 
out linings. Linings invariably collect and hold uf) amalgam. Each 
barrel is charged with 500 lb. of m-in. balls and is driven at 19 r.p.m. 

These barrels are loaded each day al)out noon: lime is added and the 
barrels are closed and started. The real function of the grinding is to 
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brighten all the gold so that it will amalgamate readily. At (b.SO the 
following morning the barrels are stopf)ed, and the requisite amount of 
mercury is added. Tlie barrels are then rotated again for 1^*2 hr. and 
then dumped. The mercury and amalgam are collected, cleaned up 
and pressed into cakes wiiich contain approximately 50 per cent mer¬ 
cury, carrying about 8 dw^t. in gold per oz. I'he amalgam is taken to 
the refinery, wiiere it is held until sullicient accumulates b)r a retort. 

In addition to the three men on each shift, two men on the day shift 
handle the dumping of the barrels and the cleaning of the amalgam. 

During tlie first six months of 1034, the total recovery at the Dome 
mill was OS.fi per cent, the blanket plant giving 70.1 j)er ctuit and the 
cyanide plant 22.5 per cent. The tailings averaged 0.1008 dwt. 

At Siscoe. —Ore from the Siscoo iviino, Qiiclx'c, is mostly 
quartz with never more than 1 per of «iilphid('s. The 

gold is coarse and, for the most part, fn^e. Tin* plant, treats 
330 tons ))er day. The (coarse ball-mill dis(‘liarg(^ is classific'd 
in hydraulic cones, the underflow being a conccmtratc* th(» gold 
content of which is caught on Gibson tray amalgamators and on a 
silvei-coated copper plate. 

The overflow of tlie corn's goes to Dorr classifiers w hich are in 
closed circuit wdth the mills. The classifier overflow’ i)asses to 
otlu^r cones, the overflow of which, containing 38 p(‘r c(‘nt solids, 
passes ov(^r thrc'e sets of four parallel corduroy tables, (^ach 4 by 
12 ft. with a slope of 3;}8 in- cloths is washed 

every liour. The corduroy conc<'ntrat<'s also are amalgamated 
and account for 10 per cent of the total of 92 jx^r (^(uit of the gold 
saved l)y amalgamation. In oth(*r words, the; gold in cone con¬ 
centrates and in corduroy concentrates is finally recovered by 
mercury, ('yanidation extracts about 5 '2 J><‘r c<uit of th(‘ gold, 
so the total extraction is 97* 2 ec'iit. 

The consumption of corduroy at Siscfx* is approximately 
0.002 yd. per ton of ore, and th(' 36-in. material costs $1.19 per yd. 
at the mine. According to O. Matlu'ws, mill superintendent, 
corduroy lias been found to be effective in recovering not only free 
gold but also the coarse sulphides. Th(;se are ground in cyanide 
after first being treated with mercury. 

Rand Practice 

Review. —^The revival of corduroy originated on the Rand, 
where copper plates had saved many millions of ounces of gold. 
But, according to T. K. Prentice in Jour. C.M. and M. S.S.A.j 
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September, 1933, “not all metallurgists on the Rand favor 
corduroy/' 

Plxcept the newer plants, such as J^aggafontein and East 
Geduld, which are all-sliming, the majority of the mills use 
corduroy or the Johnson concentrator. The total amount of ore 
treated by corduroy is 2^2 million tons per month, and the gold 
caught ranges from 40 to 55 per cent of the total. 

The Johnson c.onec^ntrator, its action and its place* in a plant 
wen^ described by ]<]. H. Johnson in Jour, C.M. mid M. S.S.A.^ 
April, 1927. Briefly, it is a rotating drum with a rubber lining 



Fuj. 72.—Aerial view of East Geduld Minea, lAd., illustratinR charaetcristio 
South African tailings piles and out-of-door installations of thickeners and 
agitators. 


in which riffles or grooves are arranged as in the rifling of a gun. 
The sulphides collect in the riffles and as they are carried upward 
are removed by sprays. This machine recovers 44 per cent of 
the pyrite and 55 per c(*nt of the gold. Its free gold content is 
removed on blanketing, and the pyrite is ground and cyanided 
with the mill pulp. In an East Rand proprietary plant, corduroy 
tables followed the Johnson machine. 

Although written 12 years ago, Wartenweiler's paper in the 
Jour, C,M, and M, S.S,A.y February, 1923, is one of the few and 
most complete references on corduroy. It is replete with figures 
and flow-sheets. It is entitled “Recovery of Gold by Blanket 
Concentration in Substitution of Plate Amalgamation.'' In a 
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group of large gold producers, plates had been saving 47 to 73 
])er cent of the gold. 

Plate amalgamation [to quote Wartenweiler] has gradually become 
encumbered with a number of disabilities. . . . With the increasing 
practice of fine grinding, the i)erfection of cyanide extraction and of 
precipitation, the importance of high recovery by amalgamation has 
receded according to the degree of efficiency of the section of the reduc¬ 
tion plant devoted to recovery of gold by cyaniding. . , . 

The Apex plant, treating ore from tlie Modderfonteip East, 
was am<*iig the first to discard plat<‘ anialgaination. The copper 
|)lates, from whicli accumulated amalgam liad been nunov(‘d, werf‘ 
convert(al to corduroy tables. No holding-down device is used, 
but air bubbl(\s that form are “ironed out.'^ l']^ (‘u distribution 
of the pulp for corduroy is as important as for plates. 

\Vart(uiweik‘r found the following after a 4-lir. rim of pulp 
over a series of five corduroys: 


Corduroy 

1 

2 

3 

4 

5 


Gold Panned and 
Weighed, Per Cent 
7() to 80 
11 to 18 
3.1 to 4.2 
2.3 to 3.7 
0.8 to 2.1 


Current Use of Corduroy. —The corduroy tabl<‘s an* gen(*rally 
placed immediately aftiT the tube-mill discharge. I'his pulp will 
carry 30 to 40 per cent of plus 90-m(\sh matmial. 

The average area of a (jorduroy table is 5 ft. wid(^ and 10 or 
12 ft. long. Th(; slope is 2 in. per ft. 

Washing of the corduroy is done every 4 hr., l)ut th(i first strips 
may b(^ waslunl twice as often. Its life varices but may averagcj 
35 days. It costs 4^4 shillings ($1.14) per yd. of 36 in. width. 
Probably, 36,000 yd. is used annually on the Rand. The charges 
against milling is 1 or 2 jience (2 or 4 cts.) per ton. 

Some nudallurgists do not n'gard amalgamation or corduroy 
concentration as necessary on the Rand with adequate fine* 
grinding. Its use, however, does reduce the lockup of gold in 
tube-mill circuits. At some plants, enough osmiridium is 
recoven^d as a by-product to pay for the wdiole process of using 
corduroy. 
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Where corduroy concentration is employed on the Rand, the 
discharge from tiie tube mills passes over an area of corduroy 
equivalent to approximat(*ly 1 sq. ft. of corduroy per ton of ore 
milled jK^r day. Tlie amount of concentrate is about 1 ton for 
every 1000 tons of ore milled. This is reconcentrated to a half 
and them amalgamated in a barrel. The consumption of mercury 
during 1933 was 0.015 oz. per ton milled, which is one-temth ejf 
that in 1910 whem plate amalgamation was in vogue, ae*e*ordiiig 
to T. K. Prentice*. 


United States PuAeTicE 

At Golden Cycle. - In the cyaniele plant of tlie^ Ge)lelem Cycle 
mill, blanke‘t tal)le*s are* use‘d after grinding. 

Roaste*el ore*, as w<*ll as ire>n eonet<‘ntrat(*, is gre)und in Chile^an 
mills anel passe'd ove*r 0- by 12-ft. tabless, (‘ae*h with two 3-in. 
elrops. A light (Canton flanne*! is used e)n the* tablets. Blankets 
are change*d e^ve‘ry 12 hr., the! eone*(‘ntrate ge>ing to amalgamation 
I)ans. Cynnide* se)lutie)n is use*d in the* pans. Tlie tails from the 
pans ])ass ove‘r me)re* l)lankets and re'turn te) the cyanide circuit 
while! the* e*e)ne*<*ntrate* is re*turned to amalgamation. Gold 
rece)ve*ry in this stej) varie's from 22 to 40 per cent. 

At Montezuma-Apex, -J. B. Huttl in E, and Af.J., April, 
1935, tells of the use of eorduroy e)r pulp-sifting cloth at the! 
Montezuma-Ap(*x mill n<*ar Nashville* and Plae*erville*, Calif. 
The* ore e*e)nsists of epiartz in which the* gold is fre*e and in iron 
sulphide*s associate*d with othe'r mine*rals. It assays 4 to 0 elwt. 
pe*r te)n, and 230 tons are milled eiaily. Ree*o\'e*iy is 94 to 95 pe*r 
e!ent, 74 per cent of this being as bullie)n and 26 j)e*r e*e*nt as e'on- 
e*entrate. Afte*r ball milling to 65 nie*sh and passing through 
De)rr e*lassifie*rs, tlie* pul}) leave*s some e)f its geild in hydraulic 
traps and riflle*d launde*rs in the* mill-classifi(*r circuit. Ce)rdure)y 
is use*d in tliive ])lae*(*s in the plant: Feilleiwing the* classifie*rs, 
30 sej. ft.; folleiwing tlie* e'onditione'r tank, 240 sep ft. and following 
the Booth-Thom|)son fleitatkm machine, 100 sep ft. Also 
30 sq. ft. of e*orduroy is use'll in a pe*rie)elic cleanup of the* classi¬ 
fiers. The mate*rial from the traps, rifHe*s and corduroy is e*ol- 
lecti'el anel tre*ated twice a month. It is run over a Wilfie*y table, 
and this cone*c*ntrate is amalgamate'd in a 24- by 48-in. barrel. 
The conte'iits are* dise*harged on to a me*chanie*al batea, from 
which a fairly clean amalgam is r(*e*ove*red. The residue flows 
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(iver silvered plates in a launder and through a mercury trap 
and is then returned to the table. The table tailings go to the 
mill circuit. 
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Magna Plant. —In January, 1933, at the Magna Plant, Utah 
Copper Company, according to E. W. Englemann in M. and Af., 
August, 1935, burlap or coco matting was jilaced in th(^ bottom 
of laund(Ts handling various products from flotation. This was 
soon followed by placing various mat(Tials such as coco matting, 
cotton twill and common 10-oz. burlap on the bottom of the 
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main tailing launder. The })urlap was found to be the most 
(economical. 

As a nesult a plant to trceat about 12,000 tons of tailing per day 
was built at a cost of aV)out $25,000, whi(di was considerably 
more than if the plant had b(^en built on levc'l ground. 

The plant consists of two separate units each having four 
s('ts of doubl(‘ launders about 500 ft. long fitted with burlap. 

The ch^anii]) cycele is 40 days. OpcTations hav(' not con¬ 
tinued long (enough to deUTinine what the saving in gold will 
b(*. 

When a cleanup is to bo made, the burla]) is wash(*d tluni 
hmhovchI, dri(‘d and buriued. Thee con(eentrat(‘ and ashes are 
shipped to th(^ smelter. 

Tiiea™ent of Cokduroy Concentrates 

Barrel iimalgaination is the simphNst and most common m(*thod 
of treating the rich concerntrates caught by the corduroy. A 
heavy, cast-iron barrel with manhole, revolving slowly, is us(*d. 
In it arie ])lac(‘d a chargee of concee^ntrates, st('el balls or a rod or 
two, some water, lime and imu-cury. TIk^ whol(‘ may Ix' run 
2 to 12 hr. The pulp is discharg(ed; the amalgam is Ham caught 
in rifH(*s and th(‘ fin<* pulp in box(‘s or tubs, from which it may be 
fed slowly into the* mill circuit for cyaniding. Thee amalgam is 
rc'torted in the ordinary manner. 

The final handling of worn-out corduroy is to burn it and treat 
th(‘ ash s(»i)arat(dy. It should not be f(*ci to tlu' mill circuit for 
fear that the* carl)on may precipitate' the' gold from the cyanide' 
solutions. At the Dome mill the e'orduroy is diimpe'd loose'ly 
into a tank in which cyanide solution is circulate'd for several 
days. This dissolve's any fine gold ennu'she'd in the' fabric. Then 
the' cloths are discarde'd. 


PRECIPITATION 

Five' methods of pre'cipitating gold and silver from cyanides 
solutions have been used: aluminum, charcoal, sodium sulphide, 
zinc and electrolytic. The first and third were' sjx'cially deve'I- 
oped for the' silve'r ore's of Cobalt, Ontario; cliarcoal has been 
used in Australia, with some possibility of re'vival; and zinc, either 
as dust or as shavings, has been used from the beginning of the 
cyanide proce'ss and continue's to be the standard rne'thod use'd 
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throughout the world. In this section is given the technique of 
the processes and their application in certain mining centers. 

Precipitation by Zin(? 

Zinc shavings and zinc dust are both ust'd for i)r<*cipitation of 
precious metals. Although most new cyaiiid(‘ jdants adopt zinc- 
dust equipment, and some old plants change* from zinc shavings 
to zinc dust, zinc shavings probably will be* use*d at many small 
mines and tailings operations. Zinc dust, howe*ve*r, is gt'iierally 
me)re eflfea'tive and satisfacte)ry than zinc shavings aiiel is appre)xi- 
rnately 5 cts. per te)n ejf ore cheaper than tlie oldea* me*thod. 

Chemisti'y of PrecipiMion. —Chemists eiififeT seimc.vhat em 
the theory of precipitation with zinc as to wheth(‘r nasce'iit hydre)- 
gen, liberated by the action of an alkali e*yanide on zinc, has a 
elirect eff(*ct in the precipitation or is e)nly an auxiliary action 
taking place at tlie same time. The folle)wing facts are* basic: 

Gf)lcl and silv(?r are*. cUh* iroiuigativc to zinc in cyanide solutions and should 
therefore precipitate them. 

PreHdpitation takes places only in the prese'nce^ of freu* cyanide. 
PrtM’ipitation is always accompanie^d hy the libeTatiem of hydrogen. 

The alkalinity of the solution is increasenl during precii)itation. 

Clennell states that the* euitire effect of the* pre*cipitatie)n of golel 
may be* expresseel by the* (*quation 

KAu(CN )2 + 2KCN + Zn + HjO = K2Zn((^N)4 + An + 

H + KOH 

but that the reaction l)etwe*en zinc and cyanide* take*s plaeje 
indep(*n(ie*ntly anel bears no nee^e'ssary proi)ortie)n to it. The 
following equation represe*nts the pro})al)le re*action: 

Zn + 4KCN + 2 H 2 O - K 2 Zri(CN )4 + 2KOH + H 2 

For more details see Cyanide Handbook^ by J. E. Cle*nnell; The 
Cyanide Process of Gold Extraction, by James Park, and Manual 
of Cyanidation by E. M. Hamilton. 

Preparation of Pregnant Solutions for PiiEe^iPiTATiON 

The requisites t)f effective precipitation e)f ge)lel anel silver 
from cyanide solutions are briefly as follows, based on notes 
supplied by L. D. Mills of the Merrill Company: 
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Fig. 74.—Equipment for Merrill-Crowo bag-type precipitation using zinc dust. 
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Fig. 75.—Equipment for Merriil-Crowe vacuum-leaf precipitation with zinc dust. 
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Clarification. —The first essential to effective precipitation is 
clear solution. Regardless of color, the solution must be bright 
and sparkling and entirely free from colloidal solids. With 
proper skill and attention it is possible to obtain such clarifica¬ 
tion with gravity sand filters, with plate-and-frame pressure 
filters or even with vacuum-leaf filters. 

If canvas is the filter medium, either under pressure or under 
vacuum, it should be stitclied around the periphery of the leaf, 
and the stitched an^a painted with P and B or a similar paint. 
In starting a new or recently cleamd filter unit, irrespective of 
type, th(^ effluent should be returned, for a few minutes at least, 
to th(‘ unclarifi(*d storage. 

(Uose attention to th(‘se points will insure a lower tail solution, 
h*ss consumj)tion of precipitant, and much more satisfactory 
melting and refining. 

Deaeration or Removal of Oxygen. —Efficient and comi)lt'te 
precipitation of metals from cyanide solutions n'quires the 
pn*lirninary n*moval of dissolved oxygen. The efficacy of the 
zinc.-dust pro(H*ss is due largely to the preliminary removal of 
dissolved oxygen from the solution and subsequent prevention 
of rc'absorption of oxygen in th(^ solution. 

Gold-b(\‘iring solutions on the Rand are clarifi(*d by passing 
them through sand clarifiers having at least 2 sq. ft. of area per 
ton of solution in 24 hr. Although t\w ("row(‘ vacuum process 
is the most (?ffici(‘nt for removal of oxyg(‘n, reducing the oxygen 
from 6.5 to 0.5 milligram i)er lit(T with a vacuum of 22 in., the 
ch(Mni(^al method of oxygen removal is still used at some mines. 
To the sand clarifiers mentioned are added fine iron and highly 
pyritic sand. Th(» solution is deprived of much of its oxygen as 
it percolates through the bed of sand, ('specially if two clarifiers 
b(' placed in series. 

Chemical Control. —For eff(^ctive precipitation, solutions must 
(‘ontain ('iu)ugh fr(M' cyanide to dissolve the requisite amount 
of zinc and to hold in solution the compounds that are fornu'd 
when zinc dissolv(\s in alkaline cyanide solutions. This result is 
frequently best obtaimnl by adding a drip of strong cyanide solu¬ 
tion to the zinc emulsion zone, when zinc dust is used. 

Efficient precipitation of gold and silver solutions by means 
of the Merrill-Crowe proce.ss is generally independent of the 
strength of the solutions in cyanide and alkali. Substantially 
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complete precipitation is obtained in some plants whore solutions 
contain no more than 0.05 lb. of cither NaCN or CaO per ton of 
solution. In cyaniding silver ores, solutions frequently con¬ 
tain as high as 5 lb. NaCN per ton, with i)rot(M'tive and total 
alkali equivalent to several pounds CaO per ton solution. 

In cyaniding most gold ores, the lime consumption is gcuierally 
dictated by the requirements of effective* s(*ttling and is almost 
invariably higher than necessary for the best i)recipitatio!i. In 
cyaniding silver ores, a high alkalinity is needed to dissolve* 
the minerals, and lime consumption for this purpose coincides 
with that needed for settling. 

The principal detrimental effect of high cyanide and alkali 
is to consume zinc wastefully. An excess of linn* in the solutions 
will sometimes coat the zinc and choke the filters, rendi'ring 
frequent cleanups nec(‘ssary. 

Precipitation of all gold solutions and of some silver solutions 
is facilitated by the addition of a soluble lead salt to the solution. 
Either lead nitrate or lead ac(^tat(* may b(^ used, although the 
former is preferable. The amount of th(* lead salt approximates 
10 per cent of the weight of zinc dust if this is added to the solu¬ 
tion. The dissolved lead salt is added in the form of a continuous 
drip to the zinc-emulsion cone or mixing tank or may, undc^r 
certain conditions, be added to the solution entering th<‘ clarify¬ 
ing tank but never with the zinc dust. The l(*ad precipitates as 
a thin metallic film on the zinc, thus creating an active galvanic 
couple, with usually more rapid and complete precipitation of 
the gold and a lower zinc consumption. For some vsilver solu¬ 
tions the lead salt should always be added before clarification, 
because in most solutions some of the lead is iminediat(Oy 
precipitated as an insoluble basic salt which rapidly clogs the* 
precipitation filters. 

The successful use of lead salts requires careful supervision 
because the addition of an exce.Ms at any time may coat the zinc 
with enough lead to retard, or even prevent, galvanic action. 
This explains why lead salts are not used in precipitating solu¬ 
tions containing considerable amounts of silv(*r, copjx^r or lead, 
there being sufficient silver or base metal pnisent to form an 
effective couple with the zinc. 

As a precipitant activator, the Merrill Company has deter¬ 
mined that sodium bisulphite is of practical benefit and is testing 
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it on a plant scale. Excess alkalinity must be neutralized to 
about pH 6.6. ()ne-t(uith pound sodium bisulphide is required 
for a ton of cyanide solution. 

Zinc-dust Puecipitation 

For many y(‘ars precipitation by zinc dust, as by the Merrill- 
('rowe^ pro(?(*ss, has b(‘en ri^cognized as th(^ most efficient and 
economical nu'thod of precipitating gold and silver from cyanide 
solutions, hlmbodying precipitate filters of the plate-and-frame 
type, of th(‘ vacuum-ltuif typ<» or of the more recently d(*veloped 
[)ressur(^ l)ag-filt(*r tyjM', tlu‘ ])roc(*ss is in in the great majority 
of cyanid(‘ plants throughout the world (see Figs. 74 and 75). 

Advantages. - As conqiared with ziiu* shavings, more uniform 
and efficient ])r(‘cif)itation is obtain(‘d b(‘caus(' a fr(\sh surface 
of preci])itant is b<‘ing constantly exposed to the solution. When* 
a bas(‘ m(‘tal such as coj)|)(*r or alkaline (‘arth-rnetal derivatives 
such as lime, magnesia or alumina an* f)r(*sent in th(* solution in 
larg(‘ (iuantiti(\s, zinc shavings Ixa’onu* (juickly insulated or 
polarized, and the boxes must b(i freciuently cleaned, and fresh 
zinc added. 

('alcium sid])hat(‘ in particular is always pr(‘sent in the treat- 
nuMit of sulphide or<‘s and rapidly coats zinc shavings, rendering 
them iiu‘rt. In the zinc-dust ])roc(\ss tin* time of contact is so 
sliort Jind th<‘ (low of solution through the zinc so rapid that this 
coating is reduc(Hl to a minimum. though small, uncon¬ 

sumed i)artich's of precipitant may b(‘com(' coated with copper 
or sulphates, tin* amount of zinc thus r(*nd<‘r(*d inert is negligibh* 
and is const anti}" replacaxl by tin* addition of fresh, active 
preci])itaiit. 

A diffi<*ulty fn*(|U(‘ntly encountered in the precipitation of 
solutions containing dissolvtxl oxyg<Mi, |)articularly in operating 
zinc box('s in n^ativc'ly cold climat<'s, is the formation of hydrated 
zinc ()xid(‘ or so-call(‘d white precipitate. This coats and rapidly 
destroys zinc and, being mixtxl with calcium sulphate*, is insoluble 
ii» acid and causes <*ndless trouble in refining. This compound 
cannot form in the* absence of frex* oxygen and is therefore entirely 
absent in plants using zinc dust after deaeration. 

Another rc'ason why .such uniform and efficient precipitation 
is obtained by zinc dust is that the filter cloths are at all times 
coated with a layer of fine precipitant and precipitate, and no 
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particle of solution can pass through the filter without first (‘oining 
into intimate contact, in fact almost molecular contact, with 
the precipitating agent. 

It is this extremely fine state of sul)(livision of the pr(*cipitant 
that renders zinc dust so efficient. For a gi\ eii w('ight of inetal 
the effective surface of zinc dust exposed is many hundn'd tinuvs 
that of shavings, and with this large area a \’(‘ry bric'f contact 
between the zinc and the solution is siifficic'iit for coinj)l<»t(* 
pn^cipitation of th(‘ inc'tals. 

Chemical Considerations.-- To ol)tain ])ertect j)recifiiiation, 
eacli molecule of nu‘tal-bearing solution mu>1 lx* brought into 
contact with a particle of precii)itant, must giv(* up iis m(‘tal 
and immediately thereafter must hv nunove^d froju contact with 
oth(*r metal-b(‘aring mol(‘cul(\s. This condition cannot be' m(*t 
in a zinc box, and the resultant diffusion acc(>uiits for th(‘ long 
boxes necessary and the usual incompl(‘t(‘ pnxapitation. In tlu* 
zimr-dust process, how(‘V(‘r, this requinniu'nt is fulfilhxl ])(U*f<'ctly, 
as the solution passes tlirough Hh' lay(‘r of fin(‘ly divid(‘d pn^cipi- 
tant deposited on the surface of the filtcu- cloth. 

LJiuhr the right conditions, nasetmt hydrogen is freely evolved 
throughout the layer of th(* pn*cipitant, thus creating th(* rcrluc- 
ing condition iK'cessary for th(‘ pr(‘cipitation of the metals, 
'^rhe actual deposition is due to the action of galvanic couples, 
consisting of hydrogen zinc, gold zinc, silver zinc, h'ad zinc and 
sometimes coi)per zinc. Tlu* precij)itation is elos<'ly analogous 
to electrolytic deposition, with the exception that in the zinc-dust 
process it is possible to ol)tain trace barn*ns Ix'cause diffusion 
or mixing of the impoverish(*d solution with the unpnripitatcrl 
solution is prevented. Polarization of the cathod(‘ ])arti(*l(\s is 
minimiz(‘d by the rapid flow of solution which carri(‘s t lu* molecu¬ 
lar hydrogen along with it. 

The precipitation of gold from cyanid(? solutions with zinc 
requires either enough contact or (uiough caustic alkali or both 
to attack the metal with the evolution of hydrogen. Also, 
the zinc must be in such a form that each tiny bubl)h‘ of nasc(*nt 
hydrogen will mak(* contact with and adla*r(* to a particle of zinc, 
forming an active couple. Obviously, this requinuiauit is met 
much better within a layer of zinc powder than upon tlu? coarse 
filaments of metal in a zinc box. Therefore, a much higher 
efficiency of the evolved hydrogen is obtained in the Merrill- 
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Crowe process than with zinc shavings. If the solutions contain 
dissolved oxygen, tlie first hydrogen generated is wasted in 
combining with this oxygen; this, of course, involves a cor¬ 
responding loss in zinc and alkali and is entirely obviated in the 
zinc-dust precipitation process, which removes all dissolved 
oxygen from the solution before contacting with the precipitant. 

Economics. —The foregoing means that less zinc is dissolved 
p(jr unit of gold precipitated or deposited. Less unconsumed 
zinc is l(‘ft (10 to 15 per cent) in the precipitate; therefore melting 
and refining charges are less. In silver precipitation the uncon¬ 
sumed zinc is less, being only 3 to 5 per cent. Only 0.6 oz. 
Merillite or zinc dust per ounce silver is used, compared with 

2 oz. when zinc shavings are used. 

Most of th(^ zinc dissolved in cyanide solutions ultimately goes 
to form a zinc cyanide, and each pound of zinc conil)iruis with 

3 lb. sodium cyanide. Subsequently, wlien this solution comes 
in contact with fresh lime addcnl to the ore during treatment, 
])art of this (!ombin(‘d cyanog(^n is regen(Tat(^d—probably less 
than half, but at least 1 lb. of cyanide* for each i)ound of zinc 
dissolved. He^nce*, any method that reduc(*s the zinc dissolved 
in tlu* solutions must also lx* r(*sponsible for a material saving in 
cyanide* consumption. The edeaner (le*ss fe)ul) solutions should 
also re\sult in a higlu*r extraction of metals fre)m an ore. 

Equipment. —When first intrexluexxi, the zinc-dust proc(\ss 
utilized the Me*rrill sluie*ing-clarifying filter for pregnant or 
ge)lel-be*aring se)lutions, the Cre>we vacuum tank, a zinc-dust 
fe*ede*r and the Merrill triangle-shapeei plate-and-frame pressure 
filters in whie*h te) colle*e*t the zinc-gold-silver precipitate. Many 
installatie)ns of this well-known e>quipment are in use (sex* Figs. 
74 and 75). 

Late in 1932, the Merrill Company announced a new form of 
equipment, the simultaneous clarification-precipitation type. 
This new typ(* is now employed in capacities ranging from 100 
to 1500 tons of solution daily. 

Clarification and deaeration of the solution are followed by 
the immediate addition of zinc and precipitation of the metals 
without rest and without exposing the solution to atmospheric 
contact. Most cyanide solutions, after clarification, will, upon 
standing even a short time, throw out suspended colloids, con¬ 
sisting largely of the hydrates of alumina, magnesia and iron. 
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Although hardly visible to the naked eye, enough of these precipi¬ 
tates frequently form to coat and insulatethe zinc, increasing 
the pressure in the filters and seriously interfering with pre¬ 
cipitation. This difficulty is minimized and in most cases 
entirely prevented by simultaneous clarification, deaeration, and 
precipitation, which costs 1 to 2 cts. jx^r ton of ore treated. 

In either the bag or the leaf type of filter, a single, liquid- 
sealed centrifugal pump effects the successive stej)s of clarification 
and deaeration. The clarifying tank is kept filled to a constant 
levtd with unclarified gold-bearing solution, the inflow to the 
tank being controlled by an automatic float \ alve. Suspc'ruhxl 
in this tank are the vacuum clarifying leavers, with oiilhd.s con¬ 
nected to a manifold, which in turn is connect(Ml to the top of the 
vertical vacuum tower in which the solution is d<*aerat(‘d. Inflow 
of solution to the tower, and, therefore, the solution level within 
the tower, is controlh^d by an automatic float valv(‘. Within th(^ 
tower the solution passes down over suitable grids, which brc'ak 
up the flow into small streams and films, thus (‘ff(*(ding the 
substantially compl(»te nmioval of dissol\'(*d oxyg(*n. ''Flu* top 
of the dc^aerating tower is connected with a dry vacuum pump 
which maintains a high vacuum within the tow(T and nunoves 
the air releas(*d from tlu^ solution. "I'ln^ cl{irifi(*d, deaerated 
solution is withdrawn from the bottom of the deacuating tower 
by a single-stage centrifugal pump, submerged in solution to 
prevent reentry of air through the pum]> gland. 

Where bag i)recipitate filters ar<‘ us(‘d, as shown in Fig. 74, 
zinc dust is introduced as the solution flows fnnn the pump to 
the filters. A belt-type zinc feeder, with motor driv(‘, dis¬ 
charges a r€>gulated amount of zinc dust into a mixing cone. A 
liquid reagent feeder, operated by the sam(‘ motor dri\'(*, supplies 
the corresponding and uniform feed of l(‘ad nitrate solution to the 
cone, which is connected to the solution supply tank. Th(‘ lead- 
zinc emulsion is withdrawn from the coin^ and forcrcxl into the 
main solution line by means of a small motor-driven, liquid-sealed 
centrifugal pump. 

The clarified, deaerated solution now containing the proper 
amount of precipitant is forced through the submerged bag filters, 
the precipitate of the metals remaining within the bags, and the 
barren solution flowing over a measuring weir into a storage tank 
whence it is pumped for re-use. 
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In the discharge line of the pump which withdraws solution 
from th(i d(^aerating tower is an open by-})ass permitting return 
of solution to the clarifying tank. This by-pass line is carried 
up to a height which automatically limits the maximum j)ressure 
on the bag filb^rs and also provides a means for recirculating 
solution to th(^ clarifier, wiiih* j)n‘coating and starting new or 
washed clarifier h'aves. This by-j)ass, being open to the atmos- 
phen?, also provides nutans for automatically nieasing the 
vacuum w liich might otherwise collapse the filt(‘r bags and cause 
a siphoning back of prcicipitate, in the event of sudden i)ow^er 
failure. 

Cleanup is (‘ffc'ctcKl l^y (‘infitying tin* pr(‘cii)itation tank, drain¬ 
ing and them dis<*()nmH‘ting the bags and removing the inner 
filt<n-s containing the prc'cipitate. Th(i precipitate is dric'd, 
AuxchI and meltc‘d in thc^ usual way. Thc^ inner bags may be 
burn(‘d and add(‘d to the? i)rc‘cipitate or washed and re-uscid. 

In th(‘ vacaium-lc*af prenipitate* filters, th(‘ zinc dust and Icmd 
solution arc* similarly add<*d to a mixing agitator, whicii ovcnilcws 
into thc^ steady lic‘ad tank supplying the' vacaium filters. The 
mixture of sohition and pre*eipi1.ant is c'ontiimously circ*ulatcxl 
ovc'r tlic' filte'r le'ave'S, the' barre'n solutiem be*ing drawui through 
the filte*r le'avc's by a ce'iitrigual ])ump which in turn dischargers 
to a suitable barre'n-solulion storage* tank. 

ZiNC-SHAVINCJ J^lKcariTATION 

As pre'cipitation on zinc shavings is so wc'll-kiiown and under¬ 
stood, no e'xte'ndc'd re'fc're'nce' is ncM'dc'd here*. One* feature* of zincr- 
box ])re*c*ipitation is tliat the* wiiole* ope*ration e*an be sc'en at a 
glance* -solution flow', effc'ct of l(*ad salts, wdic'ther croppe*!* is 
c‘oming clown, formation of zinc white and ge'iieration of hydrogen. 
PrcH’ipitation on shavings is c*fficient and reasonably low in cost, 
but it offc'rs che'inical and manual proble*ms ncjt arising in prc'cipi- 
tation on zinc dust. 

Coppc'r and all of its c*ompounds rc*adily dissolve* in cyanide 
solutions and form an aelhc*re*nt deposit on the zinc. The 
imsuspe*cted j)re*sc*nce' of copper in an ore is re*^•ealed by zinc 
shavings^ be*c*c)ming iTd. 

Precipitation on zinc shavings is sometimes hindered or 
prevente*d by the formation of so-callc*d “zinc white,’’ the c*yanide 
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and hydrate of zinc. It is insohihlc in water but solubh^ in 
cyanide solutions and acids. 

PitKCI CITATION AT KoLAll 

At Kolar, India, a large group of iniru's is still using zinc 
shavings for precipitation. 'I"he shavings an" cut locally from 
20-gage sheets. All solutions are clarified. Om* ])lant, for 
example, has three zinc boxes with six com})artmcnts each, five 
of which are used. Kach compartmc'iit has a capacity oi 12' > <*u. 
ft., or 187j.'2 ft. in 15 cells. A total of 020 tons is jnt'cipitated 
in 24 hr. Average solution feed in one mill assays 41.4 gr. gold 
j)er ton. Of this, 27.5 per cent is |)n‘cipitat(*d in the first cell, 
60.4 jKT cent in the s<"cond, 8.7 jkt c(‘nt in th(‘ third, 2.2 jXT cent 
in th(‘ fourth and 0.7 per cimt (0.2 gr.) in the fifth 09.5 ptu* 
c(*nt in all. A drip of a 2 per cent solution ai h'ad ac(‘tat(' is 
added to the boxes. Zinc consum])tion is 0.089 lb. p<*r ion on? 
treat(‘d. Most of th<" zim* boxes an* built of conende. Ilox 
compartments are conn(‘ci("d by branch ])ip(‘s to a main sublevid 
central pipe coniK'ction to a vacuum-filii'r tank. Wood(*n plugs 
(Pig. 76) in each cell control the flow through th(‘ branch pip(‘s to 
the vacuum filter wh(*n ch'aning up. Th(‘ cleanup ])ro(r(M‘ds along 
standard lines and is done every tenth day. Between ch^anups 
the zinc boxes are rarely dr(‘ss(‘d. Precipitate is roasti'd in an 
oil-fir(*d muffle, flux(*d with nitiT, niangan<‘S(‘ dioxidi*, sand, 
l)orax glass and sodium carl^onate and melt(‘d. "FIk* bullion is 
985 fine. The fon^going is from R. JI. Kendall and A. P. Hos- 
king’s paper of 1924 and is substantially i)r(‘S(‘nt ])ra(dice. 


Precipitation on the Rand 

Zinc shavings and zinc dust an" both used to pnripitate gold 
on the Rand, all new plants using th(" latt(‘r. l)(*a("ration of 

CoMPARlSOX OK PUKClPITATIO.V MkTIIODS ON RaM) 


Condition 


ZiiM^ 

shavings 


Zinc 

dust, 


Assay of precipitated solution, dwt. per ton. 0.01,5 to 0.02 :0.01,5 to 0.020 
Cyanide strength to precipiUilion, per cent. . 0.011 to 0.0280.014 to 0.016 

Alkalinity (lime), per cent. 0.005 0.018 to 0.02 

Zinc eonsumption, lb. per ton milled. 0.14 0,05 to 0.06 

Solution precipitated per ton treated.1.3 to 2.0 1 5 to 1.8 








Sectional Plan 

Fig. 76.—Extractor box, Mysore Mine, India. 
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pregnant solution for zinc shavings has eliminated the white 
precipitate of hydrated zinc oxide. Lead salts are added before 
precipitation. Wartenweiler, in Trans. 112, A.I.M.E.y 1934, 
summarizes the two methods as follows: During 1933, 1,055,- 
000 lb. zinc dust and 3,129,000 lb. zinc shavings were consumed. 

PllECIPITATION BY ALUMINUM 1)UST 

Precipitation of the precious metals from cyanide solution by 
aluminum differs from the precipitation by zinc in that ahiininum 
does not replace the precious metals in the cyanogen (‘ompound. 

In the case of zinc the reaction may bi' expressed by the 
equation 

2NaAg(CN)2 + Zn = Na.ZnCCN)., ^ 2Ag 
(Park, The Cyamde Provess^ p. ISO, 51h ed.) 


or 

NaAg(CN )2 + 2 Na(^N + Zn + H 2 () - Na 2 Zn(C^N )4 + Ag + 

II + NaOH 

(( Mennell, The Cyanide Handhooky p. 123, 2d (‘d.) 

When aluminum is used, MoldenhaiKT, who ])at(‘nt('d this 
method in 1893, suggested the following (‘quation: 

6 NaAg(CN )2 + 6 NaOH + 2 A 1 = 6 Ag + 12 Na(’N + 2 A 1 (()H )3 

the sodium aluminatc' dissolving in an excess of caustic; to form 
sodium alurninatt*: 

2 A 1 ( 0 H )3 + 2 NaOH = NagALO^ + tILO 
Hamilton {Manual of Cyanidatioriy p. 190) 

suggests that the following may represcuit niorci nearly the actual 
reaction based upon plant observation: 

2 NaAg(CN )2 + 4NaOH + 2 A 1 = 4NaCN + 2 Ag + 

Na2Al204 + 4H 

It is seen that the presence of caustic soda is essential wh(;n 
aluminum is used. Furthermore, as a matter of practical 
operation lime must be absent at the time of i)r(*cipitation; 
otherwise the following reaction will take* place*: 

Na 2 Al 204 + Ca(OH )2 = CaAl 204 + 2NaOH 
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The calciuni alurninate so formed would contaminate the 
silver precij)itate and result in a low-grade product extremely 
difficult to flux and m(?lt into bullion. 

AftiT precipitation, how(5V(*r, when the barren solution is 
r(^-UH(‘d in the grinding and agitation circuits in tlie presence of 
liriK', th(‘ aluminum is f)recipitated as calcium alurninate and 
removed from the ])lant with the tailing, caustic soda being 
forim^d. 

At the Nipissing mill when* only a small amount of lime was 
n*quir(‘d and wh<‘re the solution was already high in caustic* 
from the* ])r(‘liminary d(*sulpliurizing process, no trouble was 
(*xp(‘rienc(*d with the formation of calcium alurninate in the press. 

In orden* to overcome* the ill efPc'cts of lime in aluminum 
pr(*cii)itation when treating or(*s wlic'rc* the use* of a fairly high 
amount of lime* is necc‘ssary to f)romote (‘ffecti\’e sc'ttling, Hamil¬ 
ton and ( 'ravvford d(‘vise(l a trc‘atm<‘nt at the* Butters Divisadero 
mine* l)as<*(l upon the* following r(*actions: 

(h(()H )2 "h ^a2f'C)3 = (^a(X);j -|- 2Na()H 
(’aSO-t 4“ = (^a( -f- Na 2 S 04 

(Hamilton, Mnnual of Cyanidutiony j). 195) 

It allows the* use* of all the linn* n(*c<*ssary for neutralizing and 
settlement; it yic'Ids a lim(*-fre<* solution, for precipitation, and 
incid(*ntally manufactures the caustic soda nc'cessary for that 
operation. 

Apparc'utly, aluminum dust is not (‘ffc'ctivc* as a precipitant for 
gold alone*, although the gold in solutions which contains 2 oz. 
silv(*r or more j)er ton is almost comjdetely ])r(*ci])itated. It 
has pro\’(*d its advantage's in the treatment of c(‘rtain silver 
or(*s containing ars(*iiic and antimony. It has not been widely 
ap|)lie'el, how(*ver. 

I’ltKi'ienWTION BY SODII'M St^lpiiide 

At Cobalty Ontario.~r\\o |)ractice of pre*(fii)itation by sodium 
sul|)hide was dc*v(*le)p('d in 191(5 at the Nipissing mill to replace 
aluminum j)r(*cipitation. The change was necessary b(*<*ause of 
the (*]uinges in (‘conomic conditions wrought by the World War. 
Before that period, aluminum dust cost 33.82 cts. per lb., and 
caustic soda 2.11 cts. per lb. at the mine. In May, 1916, the 
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price of aluiiiimim dust was advanced to 90, and that of caustic; 
soda to 5.77 cts. per lb. At th<‘se prices, tlu‘ increased cost 
of these two chemicals amounted to about $,33,000 a year. 
Although d<‘V(*loi)e(l to mcM't an emerg(*ncy, the' use* of sodium sul- 
])hide lias Ixmui so succressful that it will lx* r(‘tain(*d p(*rmanently. 

The sodium-siiliihide process involves the* jirecipitation of the 
silver as silver sulphide, the* n*du<*ti()n of the* ]ueei])itat(* to 
ni(‘tallic silv<*r by a d(‘sulphurizinp: tn'atnu'ut and the UK'ltiuK 
down of tlie r(‘sultant silver to a fim* bullion. 

At th(‘ Nipissinp:, precipitation was (*ff(‘ct<‘(l in two wood(‘n 
tanks, 5 by 0 ft., jirovided with mc'chani^ il a^dtidion. In the 
first tank tlie clarified solution nu't a small str(*am of con. entratc'd 
sexlium sulphide, which tlirew down tin* .sih'(‘r suljihidc* as a fine* 
])reci[)itate. To avoid blinding the canvas, the pn'cipitate is 
(aiiised to agglomerate* by agit.ating it in a s(‘<*<>ii'i tank lx*for<; it is 
drawn off to the filt<*r ])r(*ss. In prae'ticc* it is found that O.Ot) lb. 
sodium sulphide* (60 p(*r e*e*nt str(‘ngtli) is r(*(juin‘d to pre'cijiitate* 
1 troy oz. silver, (lold is not i)r(*cij)itat(‘d at all, nor is copp(*r, 
if the solution contains 0.15 j)(*r c(‘nt or more* fr(*(‘ cyanide*. As 
with aluminum, jiircijiitatiem liy sexlium sulphide* re‘ge*ne*rate8 
all the* cyanide* ce)mbine*d with the* silve*r in the* pre*gnant seilution. 
The* re actions involve*d are* slmwn in the* e‘(juation 

2NaAg(CN)2 + NaaS = Ag.,S + 4Na(’N 

At the Nipissing the* pre*cipita.te is re*eiue*e*el to me*tallic silv(*r 
by a modified feirm of the* r)e*nny ele*sul])liurizing ])re)e*e*ss. 'I'he 
pr(*cipitate of silver sulphiele is trausfe*rre'd to a 7- by 5-ft. irein 
tank provide*d with a m(*chanical agitator. Aluminum ingots 
weigliing 500 lb. are thrown in, and caustic sexla is adde*el, about 
0.03 lb. 76 pe*r cent NaOH be*ing re*quire*d for e*ae‘h ounce* t»f silve*r. 
With a dilution of 4 to 1 the solutie)n has a stre*ngth of alxnit 
8 per c(*nt NaOH. The mixture* is agitateel until the blae*k silver 
sulpliide turns brown. This re*epiire:*s about 8 hr., de*jx*nding 
upon the temperature of the solution. ''Jdie* caustic .se>lutiem must 
not be too hot, as the re*action with the aluminum will then 
become too violent. This will int(*rf(‘re with the re*elue*tion of 
the silver sulphide*, as the large amount e>f hydre)ge‘n give*n off 
prevents the actual contact n(*cessary ))etwe*(‘n the sulphide* and 
the aluminum. Tlie desulphurized preeapitate* is collected in a 
filter press, washed fr(*e of sodium sulphide and d(4iven;d to the 
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refinery. The aluminum IngotH remaining are left in the bottom 
of the tank for the next chargci. 

Precipitation on Charcoal 

T.P, 378, 1927, U.S.B, of M., by John Gross and J. W. Scott, 
is a most comprehensive publication on the use of charcoal as a 
precipitant. It lists 93 references to thc^ literature since 1891 
and 7 between 1830 and 1890. Although these items are 
scattered, doubth'ss charcoal has been most used in Australia 
w’hen^, at c(*rtain tim(*s and in certain interior places, zinc has 
been expensive. That condition no longer exists, for Australia 
now produces all the zinc shavings and dust r(‘quired. Gross 
and Scott briefly review what had been d()n(‘ ])rior to their 
res(‘arch in about 1926 and then detail their many careful experi¬ 
ments. Their findings an; as follows: 

1. Tlic incchnnism of the precipitation involv(*s adsorpt ion a(;eoinpanifHl 
hy a eheinieal ehaiige. 

2. Precipitation of silver on charcoal from cyanide solution follows the. 
same laws as pn^dpitation of pold, although it is slower; charcoal has less 
cajiacity for silver thaii for gold. 

3. The limit of charcoal preedpitation from cyanide; s(;ems to he about 
2000 oz. of gold and l(KX) oz. of silver per ton of charcoal. 

4. Little dilTeren<;e (;xists among charcoals prepared from different 
w<iods. 

6. The most important point in the making t)f charcoal is the heat 
treatment, either during the making or subsecpient thereto. 

0. To (piench chan;oal doc^s not improve it. 

7. Pulv<‘rization finer than 200 mesh does not appreciably add to the 
effi<;acy of charcoal. 

8. Im'w suhstaiua^s in the solution appreciably affect precipitation. 

9. The adsorbed gold or silver .salt is soluble to some degree in boiling 
water and is especially soluble in hot cyanide. 

10. Then; is a possibility of .so changing the ad.sorbed gold or .silver .salt 
on charcoal that the chan;o!il may be u.sed for further precipitation. 

11. Precipitation of gold on charcoal from cyanide is not metallic and 
has not tin* chemical properties of the metal. No gold is visible, even when 
ob.served under the microscope. 

12. Few substances in solution have a batl effect on precipitation of gold 
or silver on charcoal, but sodium sulphide and free cyanide deerpa.se the rate. 

13. There is a lo.ss of cyanide in charcoal precipitation, due to ad.sorption. 

14. Precipitation of gold is effective from low-grade solutions, but silver 
is slower, and a countercurrent method is proiwsed. 

15. Some regeneration of cyanide is jwssible from charcoal when sodium 
sulphide is used as a “fixer.'* 
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16. Chareoal could replace zinc when foul solutions cause trouble in 
pnM'ipitation. 

17. A small, isolated plant having wood availahlt' rould employ ehareoal 
in preference to zinc, using three stages with fairly coarst* charcoal. 

18. The charcoal has to be burned; and to avoicl loss by dusting in doing 
this, it could be iinpri>gnated with sodium cart<onate. 

19. Charcoal will precipitate gold or silver from a cya!iid<M)n* pulp; the 
charcoal can tlicn bo separated from th(' pulp by flotation. 

AVith regard to findings 1, 9, and 10 wbi'n'in “adsorptioir* 
and **adsorbed gold” arc mentioned, Gross and Scoit credit 
A. W. Allen for advancing the theory that :ulsorj)tion without 
chemical change of the alkaline auro(‘ya.*hd(‘ was the' correct 
explanation. This was generally accepted, and all known facts 
seemt^d to bear liirn out. Allen’s discussion is to be found in 
Tranti. I,M. and A/., 3917-1918, in Vol. 18 of M. and f’./i’., 1918 
(now C. and M.E.)] in Vol. 106 of E, and .b’.J., 1918 and in 
Julian and Smart’s Cyaniding of Gold and Silver Ores, 

"rin^ use of charcoal as a precii)itant prt'ceding flotation is 
covered by Australian Ptitent 15635, Junt* 21, 1934, issued to 
V. T. Edquist, manager at the Sons of Gwalia mine, Western 
Australia. The spcH'ification reads: 

The invention consists broadly in dissolving the soluble gold or silver 
contents in cyanide or other solvent, adding an excess of a preci])itant 
such as powdered charcoal and finally subjecting the pulj) to flotation 
separation so as to obtain a float concentrate ricli irj precious metals. 

The gold and silver may be recovered from the flotation concentrate 
containing the charcoal, and precipitated gold and silver by any well- 
known moans. 

In treating ore containing soluble gold and silver contents and also 
gold and silver associated with pyritic minerals, it will be obvious that 
unless these minerals have a destructive or inhibiting effect on a cyanide, 
the direct method of treatment as above (two experiments described) 
will be satisfactory. If, however, minerals (capable of flotation) are 
])re.sent, which have a destructive or inhibiting effect on tlie cyanide, it 
will be desirable to subject the pulp to flotation sei)aration before the 
addition of cyanide or other solvent. This will give a concentrate 
containing some of the gold values. Cyanide solution or other solvent 
will then be added to the remaining pulp, a precipitant being then 
added, and flotation carried out. 

In many cases powdered wood charcoal will be the most satisfac¬ 
tory and economical precipitant. Nevertheless, other carbonaceous 
material, such as ground coke or graphite, may V)e employed. In addi¬ 
tion, finely divided zinc or aluminum can be used. It has been found 
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that when using finely divided zinc as a precipitant, there is a tendency 
for partial re-solution of the gold during flotation, in which case an inert 
or reducing gas can be employed. 

In the experiments mcuitioned, 3 and o lb. charcoal were 
add(*d per ton slinn* and ore tr(;ated. R(‘coveries wctc 91 and 
98 iM*r cent. The Ivlquist process is hving trii'd on a large scahj 
in the Mount Morgan flotation plant. 

Cleanup fou Zinogold-silveu Piieuipitate 

Zinc Boxes. —As tlu' operations in cleaning up the precipitate 
from cyanidation of gold and silver ores are so w('ll known, little 
spa(?e need lx* devotixl to them. Practic(‘ varices, but th(' work 
is relativ<‘ly simple and caus<\s litth' trouble. Where zinc 
shavings an* us(‘d, gc'iierally tlu^ fiiu* sludg(* is taken out of the 
compartments of the zinc box and lat(*r mixed with that from 
washing th<* long zinc. Tlu* sludge may lx* acid tr(‘at(*d and then 
waslnxl, dri(*d, roast<‘(l and fluxiMl Ix'fon* nxdting, or it may be 
only dried and flux(‘d b(‘fore melting. At some plants th(‘ entire 
contents of tlx* zinc box(*s arc acid tn'iitexl at (‘very cl(‘anup; 
but this is not advisable lx‘caus(* it (*ntails considcTabh* labor, and 
as only n(‘W zinc is added to tin* box(‘s pro])(*r pnxupitation d(X\s 
not start so (piickly as wlxui at l(‘ast half of the c(dls an* fill(*d 
wdth old zinc. When zinc shavings are us(‘d for i)n*cij)itation, 
l(*ss than 00 per c(*nt of tlx* gold and ix)t more than 75 p(*r cent 
of the silv(’r ])n*ci[)itated are r(*cov(*n'd at any oix* cleanup, tlx^ 
remainder Ix'ing returix*d with tlx‘ old ziix* to the box(*s. 

Filter Presses. .Cl(*anup of the rilt(*rs used in the Merrill- 

Crowe j)rocess is much simph'r and quicker. The pn*cipitates 
from the filt(*rs are imifonnly high in gold aixi silv(*r and in many 
instaix'cs an* weiglx*d, flux(*d and nx‘lted without preliminary 
treatnu'ut. In most ])lants the bullion is ready for shipment 
within 8 hr. after cleanup of the filt(*rs is begun. 

On gold on*s, tlx* precipitate's assay 45 to 85 jx'r cent bullion, 
which in most plants is melted direct. Some operators prefer 
to give a muffle roast before melting, and in a few of the larger 
plants acid treatment is still used. In such jflants, precipitates 
may be pumped from the precipitating tank direct to the acid- 
treatment tank, without int(*rnx*diate handling. 

In large plants the precipitate, either with or without acid 
treatment, may be melted with litharge, and the resultant lead 
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cupeled, the bullion by this method Inniig of mucli higher grade. 
In general, the cuptdlation method is to be n'eommended only 
where large amounts of gold bullion are produc(‘il. 

In precipitating silver solutions, i)arti(‘ularly when using 
Merrillite as a pnH'ipitant, tin* raw pr(*cipitate wIumi taktui from 
the filters contains 75 to 94 per c(Mit j)ure .sil\’('r, and this product 
is, of course, suitable for fluxing and direct nudting without pre¬ 
liminary treatment. The moisture in tht‘ pr(M*ii)ilat(‘ is some¬ 
times reduced to 15 or 20 i)er c<*nt l)(‘for(‘ nu'Iting, but t l.is Is not 
necessary, particularly in tin* larg<^ stationary rt'VtTbcratory 
furnaces u.sed in the larger silv(*r mills. 

An important point in favor of this ]>roc(*ss and one* that should 
appeal particularly to ojHuators of customs works, is tin* ability 
to ch^an up and convert into bullion at any tinn* .ill of th(‘ i>n*cipi- 
tat('d metals in the i)lant. Furthermon*, th‘' uniform ratio of 
precipitant to bullion and tlu^ fact that a complete* ch'aiiup is 
made make it ])ossible to ch(M*k accuratedy the* bidlion against 
both mill he‘aels anel re‘sidue‘s and against se)lution assays, all e>f 
which makes the dede'ction of the‘ft a re‘lative*ly simple* matter. 


Mkltikg 

Cle‘anuf) at the Howey mine*, Ontarie), take‘s jdacf* three tim(*s 
a month. Flux e*emsisting of 20 lb. seala ash, 21 lb. I)e)rax and 
7 lb. silica sand is aelele*d to 100 lb. e)f the* j)re*cij)itate* in making 
up the charge*. Air use*d to iorce* fuel oil fre)m the* siij)ply tanks 
te) the furriae*c is supi)li<*el by a I)e*nve*r firevclay ble>we*r f)i)e*rat(*el 
at 3500 r.p.m. The Denv(*r oil-fire*d tilting furnae-e* is given a 
160-lb. charge which, afte'r melting fe)r 2 hr., is pe)un‘el into a 
conical-shaped cast-iron ped. Wh(*n ce>e)le*el, the* butte)ns are* 
separated from the slag, we*igh(*d and re’turneel te> tlie* furnae*ei fe)r 
re'fining. This operation consists of melting in the* furnace for 
2 hr. with a flux made up e)f 7 lb. (*ae*h of se)ela ash, be)rax anel 
mangane\se* dioxide. No skimming is elone* in the* reunedt, but 
when poured the* molels are fillexl to e>ve*rfle>wing until the* gold 
appears at the; surface*. 

TrKATMKNT of HoLLINGER PREeuriTATES 

In BuL I.M, and M., March, 1931 (se*e* also M.M.y April, 
1931) Matthew Sce)tt describes in detail the pre)duction e)f fine* 
gold and silver from Hedlinger pr(*cii)itat(;. 
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Zinc dust is used for precipitation. 


Analysis of the Precipitate (Dry Basis) 

Gold. 

Silver. 

Copper. 

Lead. 

Zinc;. 

Iron. 

Alumina. 

Lime. 

Silica. 

Sulphur. 


35.0% 

7.2 
1.4 

9.3 
14.(5 

0.3 

0.5 

11.7 

0.7 

4.4 


85.1 


By tr<‘atiiig th(‘ precipitate with hydrochloric acid a residue 
of gold, silvc'i* and coi^imt with only small amounts of the* other 
elements is obtaiiu'd. 


Analysis of the Residue (Dry Basis) 


Gold. 76.85% 

Silver.16.37 

Coppc‘r. 2.27 

Lead. 0.15 

Zinc. 1.54 

Iron and alumina . 0.14 

Lime. . 0.32 

Silica. 0.46 

Sulphur. 0.76 


96.86 

In th(‘ r(»sidu(' the gold and silver are presimt not as an alloy 
hut as a mixtun* of fimdy divkhnl material, and parting by 
sulphuric acid is thus feasible. 

The gold residue is given a treatment with sodium acetate 
solution to r(*move traces of lead sulphate, which otherwise 
would mak(‘ the gold bars brittle. It is tlum waslu^d, dried, 
melted and run into bars over 992 fine in gold. 

Silver is recovered from the sulphate liquor by precipitation 
with aluminum powder. It is washed, dried and melted with 
some soda and borax and obtained free from gold and about 
985 fine. 
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Fluxing Zinc Pkecipitate 

As zinc precipitates will vary greatly in their eln'inical com¬ 
position, no general rules may be laid down for thoir treatment 
for the production of fine bullion. Treatment may range from 
the acid process used at Hollinger (s(»e above) to cufx'ling with 
litharge. Pre«:reding melting the precij)itate may or may not 
be roasted or treated with acid and aft(T drying melt(*d with a 
suitable flux. 

The base metals to be slagg(xl off may include, besides zinc, 
lead, coi)per, arsenic, antimony, bismuth, tellurium or s(»lenium. 
The flux to be us(xl naturally will dep(‘nd upon the comj)()sition 
of the precipitate. Materials g(ui(‘rally in usc» include* borax, 
soda ash, silica, fluorspar, niter and manganese dioxide. 

At the* Wright-Hargreaves, Ontario, when dir(‘ct nutting 
in Rockwell furnaces, the avi^rage grade* e)f precipitate was 


rVr Cent 

Gold. 4(>,ll 

Silver. 9. 

Copper 15 IK) 

ZiiK*. 9 31 

Tellurium. (>.‘29 


The flux useel for this ])re?cii)itate ceHisist(‘(l of: 


Pc‘r Ceuit 


Borax glass. 29.0 

Nitrate soda. 27 0 

Silica. 11.8 

Fluorspar. 7.2 


Treatment of PiiEe:ii>iTATE 

The raw precipitate treatment at the McIntyrevI^ore*upine 
has been 10 to 30 per cent, described by J. J. Denny in the E, 
and M,J. for November, 1933. The ce)ppe*r e*ontent e)f the ore>< 
has increased with depth and raw precipitate in 1936 carries 
10 to 30 per cent copper, 8 to 9 pcT cent lead and about 25 per 
cent zinc. For the removal of the zinc and copper the precipitate 
is discharged from the presses into an acid treating tank partly 
filled with water to give a 3 to 1 dilution. For the removal of 
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zinc, sulphuric acid is added, and the charge agitated for 2 or 3 hr. 
Steam is admitted to the tank during both ziru; and copper 
treatments. The tank is tlien filled with water, allowed to settle 
and the foul solution siphoned and run through the filter press. 
More acid is added, and agitation continued for 5 or 6 hr. after 
which the pulp is given a se(*ond wash to remove the bulk of the 
foul solution, which would cause trouble in tlu^ subsequent copper 
treatiiK^nt. Sulphuric acid and manganese dioxide are then 
added in siifficient amount to attack the copper, the pulp agi¬ 
tated, washed and dcH^anted as in the zinc treatment and the 
manganes(‘ dioxide tn^atnu^nt r(^peat(^d as oft(?n as n(?cessary to 
n^duce the* copp(u* content to about 4 p(T (*(‘nt. The pulp is then 
washed in warm wat(M-, filt(‘red in a PcTiin press, with paper as 
tlie filt(*r iiKHlium, flux(‘d and melted in a Rockwell oil-fired tilting 
furnace for 3 hr. Tlie crude bullion is remelted and refined by 
blowing air ov<*r the surface of the rnolt(‘n metal and skimming 
off the l(*ad oxide and otluT impurities. Th(» final l)ullion luis a 
total fimmess of 960 and contains 3.34 ])(‘r c(‘nt copper, 0.48 i)er 
<*(*nt l(»ad and 0.02 per cent zinc. 

Cleanup at Randfontein Estates. —F. Wartcmw'eiler gives us 
th(' following procedure at this great i)rop(Tty w here 600 stamps 
crush up to 12,000 tons of ore daily: TIk' total extraction by 
sand a,nd slime tn^atment of ore assaying 3.76 dwt. per ton is 
95.4 p(T c(‘nt. Only 0.189 lb. cyanid(' is used j)er ton on^. 
Zinc dust j)recipitat('s 15,000 tons p<'r day of 1.3 dwt. solution, 
the consumi)tion of zinc being 0.05 lb. per ton on'. Tht' cleanu]) 
is done ev('ry 14 days. Precipitate is hosc'd from tlie Merrill 
jiresses with a solution of ])otassium permanganate and w^eak 
cyanid('. It is then jiumpt'd to vats and tn'aK'd with 10 |)('r cent 
sulphuric acid solution. Next, it is transferred to otln'r vats and 
washed three* times, tin* supernated liquor being decanted. 
Dehydrating is done in Johnson pressure* filt(*rs. Aft(*r calcining, 
the precipitate is charg<*d into size-100 crucibles with a flux of 
borax, sand and mangan(*se dioxide. Thirty of these* crucibles 
are placed in a reverberatory furnace, where tlu'y remain 3 to 4 hr. 
The molten material is pourenl, and the bullion buttons remelted 
into bars weighing 1000 oz. The'se are sent to the* refinery for 
a modified chlorine treatment. Slag is ground dry in a ball mill, 
and the product run over riffles. The tailings are sent to a 
smelter and run dow n with lead. 
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SAMPLING BULLION 

Bullion may bo samplod by clip while* it is nu)lt(*n or l)y cirilling 
or grooving bars. All the* methods may be* re*nde*re*d re*liable*. 
At the Lake Shore*, Kirkland Lake*, Ontario, bars are drill(*d partly 
through from top and l)ottom at (*ach end. 

An example of good meeting and sampling is tliat of the* groui) 
of mine's at Kedar, India: Sampling is l)y dij) be'fore pouring, and 
of the e*stimated 380,639.98 oz. of fine gold during one* >e*a! tbe 
Bombay mint paid for 380,527.09 oz. 

Dip sampling is pre*f(‘rre*d on the* Band as giving most ae*e*urate 
ch(*eks. The molt(*n me'tal is we*ll stirr(‘d and sample*^ with a 
graphite* scoop; the* gold is gramilate*d in wat(*r and is then ele*ane*d 
with hydrochloric acid before* we‘ighing lor assay. 

Bullion from Slags and Mattk 

Some metallurgists tr(*at slag anei matte* at the* mine; e)the*rs 
pre*fer to send them to a smc‘lte*r; but sue'h by-prodiie*ts are* eliftie*ult 
to sample* and ge*! satisfactejry payme*nt tluTefrean. Beith of 
the'sc* mate*rials contain shot bullie)n, and spe*e*ial e*rushing and 
concentrating will r(*cover much eif it ;the' re‘sidu(‘ is still ge)lel bear¬ 
ing yet enisie*r to sample* at this stage*. The*!! it may be* seild to a 
sme*lte*r eir led gradually to the* ball mills eir lube mills, e‘s])e‘cially 
if the latter have a unit e*e*ll in the* e*ire*uit te) e*ate*h gold. If not 
toe) bulky, ce*rtain slags may be cupe*le*el, and malle*s may be 
me*lte*el with e*yanieie, a prejcedure* that re‘ejuire\s eare* against 
fumes. 


BULLION PARTING 

While* bullion parting ne>rmally ai)i)lies only to the large 
pre)duce*rs, the* following information on He)me*stake* prae*tie*e* is 
of some? gt*iieral intere?st and is take*ii from an article* in M. and A/., 
Dee*embe*r, 1935, by Nathanie*! Herz. 

The Miller or chlejrine proce'ss of ])arting was ade)pte?d by tlie 
Homc?stake* Mining Company in 1933, fe)llowing the* abanelonment 
of the gold stanelard in the Unite*d State*s anel the* subse*c|ue*rit 
increase in the i)rice of gold. Because 60 j>e?r e;e*nt of Homestake 
bullion comes from amalgamation and the balane?e from cyanide 
precipitate, this company had a choice? of thre?e methods by which 
the combined bullion could be treate*d, mz., the? Miller, e?lectrolytic 
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and acid parting, and chose the first. The following analysis 
is representative of the bullions to be treated. The cyanide 
precipitate is treated in a reverberatory furnace and cupeled, 
which accounts for the presence of lead and antimony. 


Finknebs of Bullion 



Recovered by 

Parts pc*r 1000 






Amalgamation 

Cyanidation 

Gold. 

800 to 820 

730 t o 775 

Silver. 

175 to 190 

205 to 230 

CoppL'r. 

5 to 10 

20 to 30 

Lead. 

None 

5 to 15 

Iron. 

About K 

None 

Antimony. 

None 

Trace to 5 


Th(^ uccunipanying flow-sh(H‘t (Fig. 77) gives a good description 
of the parting oiieration by which all Honiestake bullion has been 
treated sinc(^ late* in 1933. All refined bullion is shipped to the 
United States mint. 

Silver is melted into bars averaging over 990 fine, although a 
process was d('velo[)ed whereby silver of standard purity, 999 
fine, was made. Aft(?r the process had beem developed, new 
Treasury Department rules made it unnecessary to refine silver 
to this d<*gr(*(*. With ordinary care, gold bars, as shipped, are 
about 994 fine. 


ELECTROLYTIC REFINING 

Few companies go to such trouble as Waihi and Real del 
Monte with their bullion. At the former, the zinc-box precipi¬ 
tate is treated with sulphuric acid, washed with hot water and 
dried to 25 per cent by suction. It is mixed with borax, 15 per 
cent by weight; soda, 8 per cent, and some sand and dried with¬ 
out stirring. Melting is done in No. 200 Morgan graphite 
crucibles heated by fuel oil. Bullion is sampled by drilling and 
is molted and cupeled with lead, yielding metal containing 15 
per cent gold, 83 per cent silver and 2 per cent base. Slabs 
8 by 10 by f 2 poured. The gold is desilverized in Balbach 

cells and finally brought to 999 fineness in Wohlwill cells. The 
silver precipitate from the Balbach cells is washed and melted, 
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being 999 fine. Refinery charges are 6 pence (12 cts.) per ton 
of ore treated. In 1933, the total output was 69,185 oz. of fine 
gold and 413,983 oz. of fine silver. 

Crude bun ton 


urnoces 


Bu/hon 

fhrh’np furnace 


h 


fjjmaoes 
Gold Bon 


^d7!G^5itver Chhnda 
V)IS^£. 
Soda^ 



To'min f f 

I ^/n er Ch/oriafe 

Gcoese Iron S/cb mo/de 


SiiverCh/ortchshbo 


Sif\^ Cn/onds /amaca^ 


ferrwsMjHon 
confaino c opper 

Toivaa/ie 

Bonotc f 



r Cu/o/ 5/hq 

Gold tSil^er | 

furnace 

DHuM . ‘jifuric acid 

Chhnne 
Tbrrou s So/ulion I 

Chhrindf/nqjsr 

Ferric SoluHon 

Pilule htjdmchhricacid 
• Wafer 


Silver Fjmace 


Silver OarB 
To min! 


% 


contains iro n^ pper 
To kVOSr- 


Fiu. 77.—Flow-sheet, Homestake parting plant. 


At Loreto, Pachuca, Mex., the melting and air refining of 
precipitates which assay 83 per cent silver and 0.46 per cent gold 
produce bullion 993 fine. Anodes weighing 22 lb. are parted 
in 200 electrolytic Thum-type cells, 52 by 24 by 9 in. The cur¬ 
rent is 3 volts and 160 amp. The electrolyte is copper nitrate 
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and silver nitrate, concentration being 75 grams silver and 95 
grams copper per liter. The pure silver crystals are washed with 
distilled water, melted in a resistor-type electric furnace and 
cast into 1050-oz. bars, 999 fine. 

The gold mud is treated with dilute nitric acid, melted and 
cast into anodes and refined in four Wohlwill electrolytic cells, 
103 ^ by lOj^ by 12 in. The current per cell is 1 volt and 110 
amp. Electrolyte is gold chloride protected by hydrochloric 
acid. The cathodes are melted in an oil-fired furnace and cast 
into 1125-oz. bars, 999.8 fine. 

GOLD RETAINED IN CIRCUIT 

As soon as gold-bearing ore has b(ien crushed or ground, some 
of the freed metal lodges in corners or behind mill liners and other 
places. Pulp that is splashed from launders and macliines carries 
gold, which becomes lost temporarily. Pump and elevator sumps 
and boots retain gold. Stamp mills, especially those in which 
amalgamation is a feature, hold gold in the mortar boxes, copper 
plates and riffles. Splashings and spillage from the tables carry 
gold to the floor. Coiuientrators and classifiers hold gold. 
Ball-mill and tube-mill lim^rs retain gold—on the Rand as much 
as 1000 oz. if grinding is done in water, and a tenth of this if 
done in solution. Some mills in Canada retain as much as 
$25,000 in gold until cleaned out. Cyanide solutions that con¬ 
tain gold are absorbed by wood, and the metal is there held. 
Wood staves from treatment vats have been known to assay 
$2000 pt'r ton and were burned to save this gold. The precipita¬ 
tion and melting rooms always lose some metal. The dismantling 
and cleanup of many plants have yielded much gold to the owners 
or to others who have bought them. This temporary disappear¬ 
ance of gold, particularly in mills, is soin(*tiines embarrassing to 
assayers and metallurgists who are at a loss to account for 
discrepancies. However, after a new plant has been running for 
several months, a balance is struck, and all gold is accounted for. 
Gold finds fewer places in which to lodg(‘ in the modern plant 
with its comparatively small amount of equipment and concrete 
floors which can be washed frequently. 

Of the gold produced at the Pioneer mine, British Columbia, 
4 per cent of the total is recovered from the ball mills and classi¬ 
fiers, when the mills are relined. 
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PLANT CONTROL 

Many favors enter inta the control of operations in a cyanide or fl4>talion 
plant. Those considered in this chapter include cyanides used and the 
effect of other agents on cyanide solution^ the role vrygen in cyanidation 
ami the aeration and deaeration of solutiofis, thr testin{/ of solulimis for 
strength ami metal exmtenty the regeneratioti of cyanide from iraste solu- 
tiernsj lead salts and lead iriinerals in cyanidation^ th effect of graphite, 
pH control in ore fiotaiion, sampling ore and solution ami sieve tests. 


CYANIDE 

The cyaTiid(\s are e()iii])<)un(ls of the ra(li(*al eyanof 2 ;en (,-N» 
Their history covers more than two eeniuri(‘s, hut that of tho 
simple cyanides dat(*s back about 90 y(^ars. (S(‘e A Dictionary 
of Applied Chemistryy 1921, by Edward Tliorpe, pp. 437-475, 
Vol. 2; also Die Technologic dcr Cyanverhindungeny by Wilhcdm 
Bertelsmann, 1906.) Prior to the introduction of the cyanidation 
of gold and silver ores in 1890, the world consumption of potas¬ 
sium cyanide was less than 100 tons a year. Now, including 
the cyanide used in casehardening, (dectroplating, flotation and 
fumigation, world consumption exc<‘eds 30,000 tons of the 
calcium, sodium and potassium salts. Gold miiH‘s of the Rand 
consumed 8000 tons in 1933. Flotation process(‘s in the: United 
States use about 500 tons a year of the 12,000 tons for the whole 
country. Currently, throughout the world, api)roximately half 
of the cyanide used for ore treatment contains 98 jxt c(‘nt, and 
the remainder 49 per cent sodium cyanide equivalent. Th(‘ 
principal American and Canadian sources of cyanides are Niagara 
Falls, N. Y., and Niagara Falls and Beachville, Ontario. In the 
United States the American Cyanamid Company makes the 
sodium salt and the Aero brand, and the Roessler and Hasslacher 
Chemicals Department of E. I. du Pont de Nemours Company 
makes the sodium salt. For many years the Cassel Cyanide 
Company, at one time known as the Cassel Gold Extraction 

?17 
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Company, a pioneer in cyanidation, had a cyanide-manufacturing 
plant at Glasgow, Scotland. This has been superseded by works 
at Billingham, County Durham, England. The company is a 
subsidiary of Imperial Chemical Industries, Limited. The well- 
known Cassel brand contains 97 to 98 per cent NaCN, equivalent 
to 129 to 130 per cent KCN. 

Manufacture of Cyanide. —Sodium cyanide is a white’ 
deliquescent, (Tystalline material easily soluble in water. The 
basic sources are alkalies or alkaline earths, atmospheric nitrogen 
and carbon. 

In the United States it is derived (1) from sodamide which is 
produced from sodium and ammonia. The sodamid(i is heated 
with charcoal, and the n'sultant soda cyanamid is then heated 
with an exc(\ss of charcoal, resulting in the formation of sodi\im 
cyanide. This is the ("astner-Roessk^r process which yields 96 
to 98 per cent material. 

In Europe, 90 to 92 p<*r cent cyanide is manufactured (2) from 
destructive distillation of beet-sugar refuse, forming hydrogen 
cyanide. This is absorlx^d in caustic soda solution, from which 
the cyanid(‘ is obtained by evaporation. 

Aero-brand cyanide is manufactured by fusing calcium 
cyanamid and salt in a continuous electric furnace, from which 
the product is tapp<*d at regidar intervals into a sump outside 
the furnace. The conversion is an equilibrium reaction, and 
practically all of the nitrogen is in cyanide form. By proper 
cooling of the melt, the equilibrium is “frozenat the high- 
temperatun^ equilibrium point. Samples of this cyanide, kept 
in sealed containers for several years, showed no change in 
cyanide content. 

T3rpes of Cyanide and Cyanide Consumption. —Of the two 

types of cyanide used in the cyanidation of precious-metal ores— 
sodium cyanid(' and A('ro-brand cyanide—sodium cyanide is 
generally sold in the form of 5-lb. blocks or cakes and is packed 
in drums holding 200 lb. net. 

Aero-brand cyanide is calcium cyanide containing 48 to 50 
per cent of pure NaCN equivalent, the other half consisting 
chiefly of common salt and lime. It is manufactured in the form 
of black flakes and packed for shipment in zinc-coated iron drums. 
Its dark color is due to a small amount of graphitic carbon 
derived from the principal raw material cyanamid. 
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This brand of cyanide dissolves readily in water, leaving 
only a slight undissolved residue consisting chiefly of lime and 
graphitic carbon. This insoluble residue has no effect whatever 
on the dissolution of gold and silver and will not precipitate 
precious metals already in solution. It is, therefore, not neces¬ 
sary to remove it. 

The recommended procedure for introducing cyanide into a 
cyanide-mill circuit is to provide a tank of sufficient size so 
that enough cyanide can be dissolv(‘d at one time to furnish the 
mill requirements for at least one shift. In the case of Aero- 
brand cyanide, a 10 per cent solution is recommended, which will 
then contain 5 per cent equivalent pure NaCN. It is advisable 
to aerate the solution with finely divided air (ntomized) to elimi¬ 
nate the small amount of soluble suli)hides that it contains. 
The addition of }‘i lb. lead acetate or pulverized litharge will 
speed up the desulphurizing operation. The tank for dissolving 
the cyanide should be provided with an agitating mechanism. 

The strength of solution used in the cyanidation of precious- 
metal ores will vary with the type of ore and the precious-metal 
content. Cyanide plants treating gold ores, with little or no 
silver, rarely use a solution containing over 0.05 per cent NaCN 
equivalent. In the cyanidation of silver ores a stronger solution 
is necessary, and it is common practice to maintain a stnuigth of 
0.20 to 0.30 per cent NaCN. Mechanical and chemical losses 
of cyanide increase in direct proportion to the strength of 
solution; consequently, the cyanide content of solutions should 
be kept at the lowest strength consistent with maximum 
extraction. 

The chemical consumption of cyanide, for a given ore, d(jpends 
on the cyanide-consuming constituents present in the ore, the* 
period of treatment and the strength of solutions. The mechani¬ 
cal loss of cyanide depends on the type of treatment employed. 
For gold ores the total cyanide consumption will average around 
lb. NaCN per ton ore. In the case of silver ores the con¬ 
sumption is generally much greater, probably averaging over 
2 lb. High-grade silver ores and concentrates may require as 
much as 10 lb. NaCN equivalent per ton. 

(The foregoing notes were prepared by S. J. Swainson of the 
American Cyanamid Company, New York, which manufactures 
Aero cyanide. Reference may be made here to four papers on 
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cyanides and cyanidation presented to the Electrochemical 
Society in September, 1931: Present Status and Uses of Cyan- 
amid Process Cyanide,” by G. H. Buchanan; ^'Cyanides in the 
Metallurgy of Gold and Silver,” by E. M. Hamilton; ‘^Cyanides 
in Metallurgy,” by M. 11. Thompson and “Physical and Mechani¬ 
cal Aspects of the Cyanide Process,” by A. W. Allen.) 

FACTORS IN DISSOLUTION OF GOLD AND SILVER 

A careful study of the factors that influence the rate of dis¬ 
solution of gold and silver in dilute cyanide; solutions was recently 
undertaken by George Barsky, S. J. Swainson and Norman 
Hedley and published in Trans, 112, A,LM,E., 1934. 

Cyanide Concentration. —^The first of the' series of experiments 
hael to do with the effect of cyanide e;onee'ntration on the rate of 
dissolution of gold and silve*r. In plant practice, the solution 
strength for gedd appreixiinates 0.05 per e;ent NaCN, or 1 lb. 
cyanide per te)n solution. StrongeT se)lutions do not seem to 
hasten the eiissolution or improve the extractie)n; and as the 
chemical and me;chanical loss of cyanide; is inucli higher with 
strong solutions, obviously it is elesirable to hold the solution 
at the minimum stnnigth consistent with good extraction. The 
experiments (Havered the use of pure gold foil, solutions contain¬ 
ing up to 0.50 p(;r cent NaCN and a pH of 9 -|- but without 
alkali added. The maximum rate' of dissolution of pure gold 
was reached at 0.05 per cent NaCN, corresponding to con¬ 
centrations used in modern plants. I'he solubility of oxygen is 
practically unaffected by the conce'iitration of cyanide. 

A similar set of experiments was made' on pure silver foil, 
in 0.01 to 0.50 per cent NaCN. The finding was a maximum 
rate of dissolution in 0.10 jK'r cent NaCN. 

A third lot of experiments was run on gold-silver alloys con¬ 
taining 79.8 per cent silver and 57.5 per cent gold. Sodium 
cyanide solutions of 0.10 per cent were used. Later, these were 
assayed and were found to contain gold and silver proportional 
to the composition of the alloys. 

ALKALINITY VARIATIONS 

A study w^as made of the effect of var3dng alkalinity on the 
rate of dissolution of gold in cyanide solutions. All tests were 
in cyanide solution of 0.10 p€*r cent strength, and varying amounts 
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of lime water or sodium hydroxide were added. The rate of 
dissolution was greatly reduced at high pH valu(*s or high con¬ 
centration of OH ions. As the curves plotted from the results 
were so different, further experiments were run to reveal this 
unexpected action of lime. It was found that lime had no 
appreciable influence on the solubility of oxygen in th(» cyanide 
solutions used, so calcium sulphate and calcium chloride were 
added. The former had a slight retarding effect on dissolution 
of the gold, and the other calcium comi>ound had a inorf» pro¬ 
nounced effect; but as it was determined that the n'duction in 
rate of dissolution of gold caused by the addition of linu' is due 
neither to lower solubility of oxygen nor to tlu^ presence of calcium 
ions, apparently both calcium and hydroxyl ioi> • Tiuist be present 
to produce the full effect, as yet unexplained. 

IMPURITIES IN CYANIDE SOLUTIONS 

The following note is Uikvn from Rand Assay Practicey 1932, 
edited by James Moir and G. H. Stanley: 

That cyanide solutions in works practice do not remain pure in a 
chemical sense is to be expected, having in view their contact during 
treatment with the many contaminants found in gold or silver ore 
amenable to cyanidation. Impurities cause a chemical cyanide loss and 
at times detrimentally affect the extraction of the valuable metals 
sought. It is fortunate that in the f)ractical application of the process, 
impurities do not usually accumulate to a prohibitive degree; this is to 
a large extent due to dilution of the solutions by the replacement by 
fresh water of the moisture leaving the plant with the residue. 

With regard to visual signs of impurities, ferrocyanide colors solutions 
a brownish yellow of varying intensity. Other impurities are generally 
insufficient to create a characteristic color. 

Impurities have their principal source in, and are traceable to the 
ore constituents, to contamination underground and to secondary reac¬ 
tions in the treatment at the surface. On the Witwatersrand the oxida¬ 
tion of the pyrite content of the banket reef and wall rock is the chief 
source. The first place, in order of importance, may, therefore, be given 
to iron and sulphur in their many combinations and to reactions occur¬ 
ring during exposure in stoixjs through contact with water (containing 
dissolved oxygen) so freely applied in the course of dust-preventive 
measures. Pyrite and marcasite (FeSz) and pyrrhotite (FerHs), where 
present, are converted (but to a relatively small extent) into soluble 
ferrous sulphate (F'eS 04 ), ferric sulphate, Fe? ( 804 ) 3 , and free sulphuric 
acid (H2SO4), while colloidal sulphur may be set free. These, in their 
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turn, to avoid excessive corrosion of iron and steel equipment under¬ 
ground, are precipitated by the addition of neutralizing lime as hydrated 
oxides of iron, both in the ferric (Fe 203 *H 20 ) and ferrous (Fe(OHO) 2 ) 
state, varying according to the degree of completeness of such neutraliza¬ 
tion and oxidation. The hydroxide in the ferrous state is particularly 
soluble in a cyanide solution. When these find their way to the cyanide- 
treatment plant, either with the ore or through the medium of mine 
make-up water, ferrocyanide (Na 4 Fe(CN) 6 ) and thiocyanate (NaCNS) 
are formed. This tendency to form acid ferrous salts and thus to 
destroy the oxygen necessary for gold solution is also latent in the ore 
undergoing cyanide treatment. As a measure of protection, an alkali, 
such as lime, is therefore provided and is available throughout; also 
corrective oxidizing treatment is applied. 

An oxidation product of the sulphur, sodium thiosulphate (Na 2 S 203 ), 
plays a part. It is often present in the first effluent solution from sand 
treatment, and its general effect is, by decomposition in passing through 
the zinc-precipitation boxes, to form an insulating film of sulphide on 
the zinc which lowers precipitating efficiency. Complete oxidation of 
this compound to a sulphate ap])ears difficult to attain in practice. 
Sodium sulphocyanide, (Na(^N8) is present in practically all solutions 
in relatively small quantities. It has not been definitely proved to have 
a deleterious effect on gold extraction. 

The alkaline sulphide, sodium sulphide (Na 2 S), resulting from the 
reaction between the cyanide and ferrous sulphide (Fe8), and generally 
supposed to have a retarding effect on gold and silver dissolution, is not 
often observed in solutions on the WitAvatersrand, a fact which is due 
undoubtedly to its precipitation as zinc sulphide (ZnS) by the sodium 
zincocyanide (NaoZnCCN)^) present in all solutions where zinc is used 
as a precipitant and also to its oxidation to thiosulphate. In silver 
extraction its incidence is more pronounced, as the silver itself is often 
in direct combination with sulphide, as Ag^S in the mineral argentite, 
pyrargyrite (AgaSbHs), and in proustite (AgsAsSs). Lead reagents, 
such as lead acetate, lead nitrate or lead oxide, are generally used as a 
safeguard, acting as precipitants of the sulphide. 

Resulting from the abrasion and fracture of steel and iron in ore crush¬ 
ing and grinding, metallic iron is found in all mill pulps. Oxidation of 
this takes place to a certain extent through dissolved oxygen in the water 
and solutions employed and the aeration of the sand and slime incidental 
to the treatment process. Any ferrous oxide thus formed is attacked by 
cyanide solution and is a cyanicide, since the resultant ferrocyanide is 
practically useless as a gold solvent. 

With the use of zinc as the precious-metal precipitant, various reac¬ 
tions between this and cyanide take place, the principal compounds 
being zinc hydrate (Zn(OH) 2 ), sodium zincocyanide (Na 2 Zn(CN) 4 ) and 
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sodium zinc ferrocyanides (Na 2 ZnFe(CN)fi )2 and (NajZn 8 Fe 2 (CN)i 2 ). 
Sodium zincocyanide is a solvent of gold, as shown by Julian and Smart. 
The amount of zinc dissolved is considerable, but its retention in solu¬ 
tion is not cumulative, as it is precipitated by reaction with the sulphide 
constituents of the ore in the ordinary course of treatment and by the 
ferrocyanide. Sodium cyanide is regenerated in the same reaction, the 
cyanide loss, therefore, oeing much less than at first would be expected. 

Calcium is introduced in the form of lime (CaO) for the purpose of 
providing a neutralizing agent. Its use results in the formation of 
calcium carbonate (CaCOs) and of calcium sulphate (CaS 04 ). On the 
Witwatersrand, the treated mine water used as water supply probably 
introduces the greater portion of the CaS ()4 content of the srdutions. 

With favorable temperature or saturation conditions it crystallizes 
out over the entire plant, including the interior of pipes, and may become 
troublesome. As a physical obstacle and an insulator of zinc, it may 
he considered objectionable. The use of sufficiently clean water is the 
best preventive. Sodium carbonate is sometimes used to remove it as 
precipitated calcium carbonate. Magnesia is introduced to a small 
extent from underground sources, and finds its way into the solutions as 
magnesium sulphate (MgSOi) and magnesium carbonate (MgCOa). 

(Tclatinous silica is often found in cyanide solutions. Its effect in 
practice is more physical than chemical, in clogging filters and extractor 
lx)xea. Its source is the action of acid mine waters on the ore consti¬ 
tuents. Silica may also be introduced in the form of calcium silicate as 
an impurity in lime. 

Organic matter is a common source of impurities in cyanide solutions, 
its reducing effect being notorious. It is usually regarded as having its 
origin in mine timber, sewage and sacking, coming from underground 
and from the surface in the form of vegetal matter and sewage con¬ 
tamination of water used in milling. In the self-decomjwsition of 
cyanide solution, organic compounds such as formates are formed. 
Prevention is the soundest remedy. Failing this, oxidation by means 
of chlorine oxidizers has proved efficacious where these can be applied 
directly or in a separate circuit before cyanide treatment. When strong 
oxidizers are used on cyanide solutions, free cyanide will be lost by 
conversion to cyanate. 

In cyaniding ores containing copper minerals, it is found that the car¬ 
bonate, oxide and sulphate minerals particularly are attacked by 
cyanide with avidity, causing a heavy cyanide consumption by the 
formation of cuprosocyanide (KCu(CN) 2 ). In practice this is mini¬ 
mized by the use of extremely weak solutions. Provided that the 
copper content of the ore is not excessive, it is found that copper does 
not accumulate in the solution, as it is constantly being precipitated by 
sodium sulphide. 
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THE ROLE OF OXYGEN IN CYANIDATION 

Although, originally, MacArthur doubted that oxygen had 
any effect on the cyanide-gold reaction in the dissolving process, 
the important part that it does play is now generally recognized. 
As others have done, we give the equation to aid in an under¬ 
standing of what follows: 

4Au + 8KCN + (>2 + 2H2 O = 4KAu(CN)2 + 4K()H 


Oxygen is therefore necessary, and as muc^h as can be supplied to 
solutions, cheaply, in the form of air, is desirable. Oxidizers 
have been tried, but they are expensive and unsatisfactory. The 
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oxygen content of solutions is lowered by such reducing sub¬ 
stances as ferrous conipouiids dissolved from the ore being treated 
or by other means. In general, simple exposure to the atmos¬ 
phere replenishes the lack of oxygtm; but from a practical 
standpoint appreciable air must be forced into the pulp under¬ 
going treatment to maintain a satisfactory oxygen content. 

Aerating or Oxygenating Cyanide Solutions. —A new process 
for aerating or oxygi'uating cyanide solutions was announced 
by T. K. Prentice in the Jour., C.M. and M.S.S.A., February, 
1934 (see Fig. 78). It immediately attracted attention, and the 
article was reprinted in part by United States and Australian 
technical journals. The process received practical plant trials 
at the Nourse mine on the Rand before it was made public. 
These were mainly on sand w hich is leached at the mine. Gold 
extraction was slightly higher when aerated solutions w^ere used, 
and consumption of cyanide w^as a third less than in regular 
treatment. The oxygen content of solutions at the Nourse 
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mine for dissolving gold ranged from 2}^i to milligrams per 
liter and averaged 4 milligrams per liter. At one time it fell to 
1 milligram per liter, and a scries of high residues resulted. Six 
milligrams per liter is considered desirabit?. The oxygen content 
of circuit solutions in 16 plants on the Rand averages 4.5 milli¬ 
grams per liter. 

In brief, the oxygenating process is as follows, with reference 
to Fig. 78, which is the patented plant-scale equiinnent: ('yanide 
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solution is drawn from a stock tank and pumped into the drum 
or cylinder shown, first passing through the pipe with } holes 
to form a spray. Air at 100-lb. pressure is generated by the 
motor-driven (3 hp.) compressor atop the cylinder. The aerated 
solution leaves at the rate of 2 tons per min., the balanced float 
valve shown, attached to the discharge pipe, regulating the level 
of solution in the cylinder. The solution is milky white, owing 
to the disseminated air, but it clears in a few minutes. At this 
stage it may carry 6 milligrams of oxygen per liter and retains 
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within 2 milligrams of this amount for 22 hr., which is long 
enough for the solution to be effective during the first stage of 
leaching. 

Aeration or oxygenation of sand, slime and cyanide solutions 
has been practiced during the several decades of cyanidation— 
purposely and incidentally—but not until recently has it been 
given the careful study that it deserves. Every time a pulp or 
solution is stirred or transferred it absorbs some oxygen, but 
sixjcial methods or devices have been developed to entrain air 
in pulps and solutions. Aeration in the Dorr agitator is obtained 
from the compressed air used for circulating the pulp through the 
revolving central lift column and also from the atmosphere when 
the elevated pulp is redistributed over the pulp surface in a series 
of small streams from the distributing launders. Additional 
compressed-air jets are sometimes attached to the revolving arms 
for gn^ater aeration. In the Pachuca agitator compressed air 
used for circulating pulp through the stationary lift pipe is the 
only source of oxygen. The Devereux and other types of mesh- 
propeller agitators rely on the vortex created to entrain air. 

The Turbo- and Wallace-type agitators, both of which 
thoroughly incorporate air in the pulp through the action of their 
impellers, are used in several of the Kirkland Lake mills for 
agitation in small tanks and are also used in the top of and near 
the surface of Dorr agitators to increase normal aeration. 

Aeration during treatment of silver ores is essential. At 
Pachuca, Mexico, air at 18 to 35 lb. pressure is used for 70 to 
73 hr. for the combined purpose of mechanical circulation and 
oxygenation. Oxygen consumption is 210 grams for the dissolu¬ 
tion of 292 grams of silver per ton of ore or about 9 oz per ton. 
This is 9.75 times the amount called for by the well-known 
equation. 

Oxygen Content of Cyanide Solutions. —Two methods for 
determining the oxygen content of cyanide solutions are offered 
as. being simple and accurate—that of H. A. White, as described 
in the Jour, C,M. and M.S,S.A,f June, 1918; and that of A. J. 
Weinig and M. W. Bowen, described in Trans. 71, A.I.M.E. 1925. 

White's method is a colorimetric one, depending on the degree 
of coloration imparted to a solution of pyrogallic acid in the 
presence of caustic soda. Weinig and Bowen's method, a modifi¬ 
cation of that of Schutzenlx'rger, depends on the reducing action 
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of a sodium hydrosulphite solution on a solution of indigo blue 
(indigotin disulphonate). 

White Method ,—This method was developed by H. A. White, 
consulting metallurgist for the Union Corporation of Johannes¬ 
burg, and is based upon the color imparted to an alkaline solution 
on the addition of pyrogallic acid, the *‘pyro'' used in photo¬ 
graphic work. 


Apparatus Required 

1 dozen 250-ce glass-stoppcrcd Iwttles. 

1 burette. 

Chemicals Required 

Sodium hydrate (NaOH) solution, 2N (80 grams per liter). 

Pyrogallic acid or pyro (the crystalline salt is prefendde to the powder). 

Brown dye (Diamond brown or (caramel). 

Pkeparation of Standard Colors 

Saturate a quantity of ordinary tap water with oxygon by 
passing air through it for an hour. Then stand for another hour 
to remove bubbles of occluded air. To one of the 250-cc bottles 
containing this water add about }4o gram of pyro and 1 cc 
2N Na()H. The pyro crystals must immediately sink below 
the surface. Then insert a glass stopper with a twisting motion 
to exclude any small air bubbles. After the soda solution is 
added, the bottle should be filled to within in. of the top, so 
that the stopper may be inserted at a slight angle. Shake the 
bottle until all the pyro is dissolved. 

The w'ater will take on a reddish-brown color corresponding 
to the oxygen content of oxygen-saturated water at the existing 
temperature and pressure. The percentage oxygen content of 
water, saturated under any given set of conditions, may be 
calculated from the chart of Weinig and Bowen (Fig. 79). This 
color is then matched with a water solution of Diamond dye 
or caramel. A small amount of chromate of potash will some¬ 
times assist in obtaining the exact shade. 

Assume that under the existing conditions the saturation point 
of water corresponds to 8 milligrams oxygen per liter. Then if 
standard bottlps are made up containing 1 part color correspond¬ 
ing to saturation and 7 parts water, this lighter color will cor¬ 
respond to 1 milligram oxygen per liter, and equal parts of 
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standard color and water will correspond to 4 milligrams oxygen. 
In the same way make up a series of eight bottles, colors in which 
represent oxygen contents of from 1 to 8 milligrams oxygen per 
liter. 


Testing the Solution 

Fill one of the 250-cc bottles with the solution to be tested. 
Use a rubber tube reaching to the bottom of the bottle, and avoid 
all agitation. A drop or two of kerosene oil in the bottle will 
film the solution and still further prevent absorption of oxygen. 
Fill th(^ bottle nearly full, then add Ifo gram pyro and 1 cc 2N 
NaOH, and stopper instantly, taking care that no air l)ubble is 
left under the stopper. Shake well, and compare with standard 
colors. 

Some solutions, particularly those resulting from the cyanida- 
tion of silver ores, show fading colors and b(M*ome (ioudy on the 
addition of pyro and soda, according to E. M. Hamilton in 
E. and M.J,, July 17, 1920. In such cases a bettor comparison 
is made after the solutions stand a definite time, say 3 to 6 
min. Also, in such solutions a better standard color is obtained 
by making up with a regular plant solution to which is added the 
usual amount of soda and pyro. Then, after standing 3 to 6 min., 
this color is matched with the dye^ or caramel, and the fractional 
standards prepared as usual. A small amount of solid pigment 
such as yeilow ocher, added to the dye or caramel solution, will 
match the precipitates wiiich somestime's forms. With such solu¬ 
tions it is be'tter to make up a fressh set of standards wiienever 
oxygen tests are to be made. 

Weiriig-Bowen Method .—The Weinig-Bow^en method deter¬ 
mines oxygen accurately to tenths of a milligram per liter of 
solution or 1 part oxyg(*n in 10,000,000 parts of a solution on a 
250-c(s solution sample, with a proportionately greater degree of 
accuracy on larger samples. 

Reasonably clear mill solutions are best sampled by siphoning 
them through a rubber tube and glass tube into Winchester acid 
bottles. Pulps should be settled, and the clear liquor siphoned 
off. 

A convenient quantity of standard sodium hydrosulphite 
solution is made up as follow\s: Fill a 2i^-liter acid bottle with 
distilled water, preferably fresh. Dissolve in it 5 grams caustic 
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soda, and then add 5 grams sodium hydrosulphite. Place a layer 
of kerosene over the solution. Then siphon the liquor into bottle 
b of Fig. 80. This solution deteriorates rapidly if exposed to the 
air, so, as shown in the insert a of the sketch, the cork (not rubber) 
is run in with shellac. 

The indicator, indigotin disulphonate, is made up as follows: 
Place in a casserole 7 grains indigotin, and add 30 cc concentrated 
sulphuric acid. Place over a water bath, and heat to 90°C. for 
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Fig. 80. —ApparatuH for <lotermining oxygen in cyanide solutions. 


hr. or until all lumps disappear. Then dilute to 2 liters with 
distilled water. Neutralize the acidity by adding powdered 
limestone, a little at a time, allowing it to stand a few minutes 
bfitween additions, until all action has ceased. Filtfjr without 
washing, place in a corked bottle and use as required. It is 
convenient to dilute this solution so that 1 cc of the indicator is 
equivalent to 0.25 milligram oxygen per liter solution. This will 
indicate 1 gram per liter when a 250-cc solution sample is taken 
for titration. This indicator does not deteriorate and may be 
kept in a well-stoppered bottle. 





230 CYANIDATION AND CONCENTRATION OF ORES 


Figure 80 shows the apparatus for this test as follows: Two 
23^-liter acid bottles a and b; a 250-cc flask c; a 50-cc burette 
d with side connection; a common burette e; a clamp stand / 
to hold two burettes; a 400-cc beaker with 250-cc point scratched 
on it; a glass stirring rod; glass or lead tubing and rubber 

tubing for connections; a pinchcock g for bottom of the rubber 
connection on the burette that contains standard hydrosulphite 
solution and a container for kerosene to be used in the procedure. 
When setting up the apparatus the relative positions of the parts 
shown should be closely observed. 

The bottles are filled as follows: Remove the connection 
and place a cork stopper in the top of the burette so that no solu¬ 
tion can overflow. Place a bottle containing liters of 

kerosene so that its bottom is above the top of bottle a, and con¬ 
nect this bottle to the bottom of burette d with a siphon. Open 
pinchcock g and stopcock and allow kerosene to siphon into 
bottle 6 until filled. Replace the bottle that contained kerosene 
by a bottle containing the standard solution of hydrosulphite. 
This solution should always be covered by a layer of kerosene; 
siphon the standard solution into bottle 5, the kerosene being 
forced from bottle h over into bottle a automatically. As soon 
as the hydrosulphite solution has reached to within 1 or 2 in. of 
the top of bottle 6, close both the pinchcock g and stopcock j. 
After flask c has been nearly filled with kerosene, place connection 
X in top of burette d, and seal with dry shellac dissolved in alcohol. 
OjKjn stopcock j, keeping pinchcock g closed, and allow the 
standard solution to pass into burette d until it just enters flask 
c; then close stopcock j, open pinchcock and allow the standard 
solution to drain completely; its action as a siphon will draw the 
kerosene over into burette d. The standard solution is now 
drained off to eliminate any possibility of its being exposed 
to air and to give it a cover of kerosene in burette d. Close 
pinchcock g, open stopcock j and allow burette d to fill to the zero 
mark. The layer of kerosene prevents admission of air during 
this procedure. Then the apparatus is ready for use. Fill 
burette e with the indicator, and place a glass cover over the top 
to prevent evaporation. 

Routine titrations are as follows: The solution sample is 
siphoned over beneath the kerosene into the 400-cc beaker 
to the 250-cc mark. Alkalinity is neutralized with dilute 
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sulphuric acid, 1 cc or less of indigotin disulphonate is added as 
indicator and titration is completed with the hydrosulphite. 
Then the necessary connection is made for the indicator, and the 
result is converted into milligrams of oxygen per liter of solution 
or percentage saturation, as may be desired. The end point in 
clear solutions is a slight yellow, but with others it may be white 
to gray, especially if certain salts are contained. The kerosene 
may be used several times by pouring the contents of the beaker 
into a large bottle, after titration, then siphoning off the kerosene 
for re-use after enough has accumulated. General circulating- 
plant cyanide solutions have 7 to 75 per cent maximum oxygcm 
saturation. A number of precautions must be taken, but these 
will probably suggest themselves. 

Altitude-pressure and Standard Saturation Curves. —Chart 
A (Fig. 79) is used to determine barometric pressure^ at various 
altitudes; chart B is used to determine standard saturation values 
for various temperatures and pressures. In Chart A, altitudes, in 
feet, are plotted on the horizontal axis; and pressures, in milli¬ 
meters, on the vertical axis. To find the pnjssure corresponding 
to a ct^rtain altitude, follow the elevation line downward to its 
intersection with the curve x, then horizontally to the right, and 
read the pressure. For example, if the elevation is 6000 ft., 
the 6000-ft. line is followed to its intersection o with the curve 
z\ then the corresponding pressure, 607 mm, is obtained from the 
right-hand side of the cliart. 

In chart B, temperatures are plotted on the horizontal axis, and 
the amount of oxygen, in milligrams per liter of distilled water, 
is plotted on the vertical axis; various pressure curves also are 
plotted, as shown. To find the saturation value for a certain 
temperature and pressure, follow the temperature line upward 
until the point corresponding to a giv(jn pressure is reached, then 
follow horizontally across to the left-hand side of the chart, and 
read off the amount, in milligrams, of oxygen per liter of solution. 
For example, to determine the amount of oxygen in a solution 
having a temperature of 59°F., at an elevation of 6000 ft.: The 
pressure is 607 mm; at this elevation, as found in chart A, there¬ 
fore, the 607-mm pressure curve must be used; t.c., it is necessary 
to interpolate between the 600- and the 650-mm curves. The 
59®F. line is followed to its intersection R with the 607-mm curve, 
then from the left-hand side of the chart is read off 8 milligrams 
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of oxygen per liter. The same procedure is used for the various 
pressures, using the curve corresponding to the particular pres¬ 
sure. For any particular plant, a solubility curve should be 
plotted based on the altitude at the plant. 

Oxygen in Mill Solutions. —Results of experiments conducted 
in the South Kalgurli dry-crushing, all-roasting and cyaniding 
plant at Kalgoorlie on dissolved oxygen in mill solutions were 
given by C. W. Brown in C.E. and M.R., September, 1934. 
Pulp agitation is done in vats with ordinary stirrers, but con¬ 
siderable compressed air is also introduced. White^s method of 
oxygen determination was unsuitable, but Weinig and Bowen’s 
was found to be satisfactory. The av(jrage altitude in the plant 
is 1271 ft. above sea level. 

The average value of dissolved oxygen just prior to filter 
pressing the slime was 25.05 per cent saturation, and the average 
of many determinations in which the agitators were sampled 
just i)rior to filter pressing was 28.0 per cent, with a range of 4.2 
to 57.5 per cent. There schemed to be no definite relation between 
the amount of oxygen in solution and solubility of the gold. The 
oxygen content of plant solutions was as follows: 


OXYGKN SaTIIKATION IN Sol'TH KaLOURLI SOLUTIONS 


Place 

Oxygen, 
pt;r cent 

Tempera¬ 

ture, 

degrees 

Head sulutioii tank. 

70 to 85 

40 

Grinding pans. 

2 to 5 

57 to 65 

Thickeners. 

16 to 20 

54 

Agitators. 

5 t o 57 

45 

Filter presses: 



Pregnant. 

5 to 57 

45 

Washes. 

50 to 65 

34 to 37 

Merrill-Crowe unit : 

Feed. 

Zero to trace 


Discharge. 

60 t o 80 

34 


When cyanide solution is in contact with ore the oxygen 
content is reduced, whereas when it leaves the ore at any point it 
starts at once to dissolve oxygen. 

Experiments to determine what are the oxygen retardents 
or absorbents revealed that among the solubles are sulphites and 
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hydrogen, and among the insolubles are metallic iron and ferrous 
sulphide. 


THE SOLUTION OF GOLD 

‘‘The Physics of Gold-Solution,” by H. A. White, in Jour, 
C,M. and M.S. S,A., July, 1934, is a highly technical dissertation, 
wholly confined to the surface reaction betwe^en metal and ( yanide 
solution. W^hite’s experiments were based on the hypothesis 
that the rate of solution of gold in cyanide solutions is mainly 
depc'ndent upon the presence of oxygen. The chemical reaction 
betwecni gold and cyanide may be expressed as 

4Au + 8KCN + O2 + 2H2() = 4KAu(CN:)2 + 4K()H 

According to this equation, 1 milligram gold r(‘quires 0.0406 
milligram oxygen, and this corresponds with 5.80 cc solution at 
7 milligrams per liter. At an oxygen concentration of 8 milli¬ 
grams per liter the corresponding KCN stnuigl.h is 0.01302 per 
cent or 0.00980 per cent NaCN. It is found, however, that gold 
dissolves at the maximum rate if the solution contains 0.027 per 
cent KCN, equal to 0.020 per cent NaC^N, and if it is saturated 
with oxygen. This difference is due to the slow(?r diffusion rate 
of the cyanide and to incomplete ionization and hydrolysis for 
which an allowance of 10 per cent must b(‘ mad(\ 

When the cyanide concentration is 1ow(T than the optimum, 
its diffusion rate will be the determining factor in a saturated 
oxygen solution, but a greater concentration can only hinder 
rate of oxygen diffusion as well as reduce its solubility. On the 
other hand, the presence of excess oxygen, either by means of 
increased pressure or in the presence of oxidizing agents which 
attack the cyanide slowly enough, will raise the optimum cyanide 
concentration and the maximum rate of gold solution. If less 
than saturated with oxygen, as is frequently the case in working 
solutions, the cyanide strength could be correspondingly reduced, 
and, in any case, the rate of attack on the gold diminished. 

It is known that the rate of gold solution is increased by contact 
with zinc, iron or carbon, and this may be attributed in the last 
resort to the extension of surface to which the oxygen may 
diffuse and likewise involves an increase in the optimum cyanide 
concentration. 
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Four methods of treatment were employed in the experiments 
—slime treatment by agitation; sand treatment by percolation; 
gold plates hung in still solution; gold plates hung in moving 
solution. The optimum cyanide strength was used, and the 
oxygen concentration was 7 milligrams per liter. These tests, 
with the physics involved, are given in detail. 

CONDITIONING ORE PULP 

Conditioning of an ore pulp is understood to mean its prepara¬ 
tion for subsequent treatment by cyanidation or by flotation. 
It is an important step, and its importance is gaining recognition. 

Conditioning is more effectively done in so-called contact 
tanks than in ordinary agitation tanks. Generally, a condition¬ 
ing tank is a small agitator into which the pulp is pumped just 
after lime, cyanide or flotation reagents have been added to 
it, the chief purpose being a thorough mixing. The period of 
contact is determined in the laboratory and depends upon the 
nature of the ore, th(^ physical condition of the pulp and the 
amount and kind of reagents. The size of the conditioning tank 
is dependent \ipon the period of contact and the tonnage to be 
treated. Broadly speaking, any preparatory machine may be 
spoken of as a ^^conditioner.'' Grinding is merely conditioning 
the ore for cyanidation proper. If fine grinding is essential, then 
ball mills, tube mills, and classifiers become important condi¬ 
tioners. The thick(‘ning of pulp may be termed conditioning, 
for subsequent cyaniding operations. Air lifts in agitators are 
likewise conditioners. This idea that the practical purpose of 
every machine is to condition the ore for the subsequent machine 
is advanced by L. E. Djingheuzian of the Lake Shore mines, 
Ontario. 

Cyanidation. —Conditioning operations at the Dome plant 
in Ontario comprise grinding in water to produce a pulp 83 per 
cent through 200 mesh wiiich is passed over corduroy. Tailing 
from the corduroy tables, after the addition of lime, is aerated 
in four 14- by 40-ft. Pachuca tanks. The pulp is then treated 
with cyanide and agitated in a series of 10 Pachuc>a tanks. 

At the Willow Creek plant in Ala.ska only the concentrates 
are conditioned by grinding in lime water to 98 per cent through 
200 mesh. After aeration by means of air lift, the pulp is agitated 
with cyanide solution in three 6- by 8-ft. Devereux agitators. 
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Flotation. —The conditioning of ore pulp before flotation is of 
importance in treating gold and silver ores as well as base-metal 
ores. Lack of uniform results in a flotation mill can often be 
attributed to one or all of the following conditions: (1) Lack 
of proper time for chemical and physical reaction; (2) incomplete 
mixing of reagents; (3) fluctuation in the mill feed, causing 
unequal pulp flow and lack of uniformity in reagent vontvut or (4) 
excessive consumption of reagents due to improper (‘onditioning. 

The primary purpose of a conditioner, in flotation, is to mix 
the reagents thoroughly with the pulp before flotation and 
allow time for the chcimical and physical action to take place. 
These objectives, of mixing and of completing the chemical and 
physical reactions, can be attained with some reagents by adding 
them ahead of the grinding unit. Excessive oxygen beaten into 
the pulp during grinding precludes the us(‘ of certain reagents 
because oxidation makes them ineffe(^tive. OtluT reagents, 
because of their frothing properties, affect classification and 
cannot be used in the grinding units. By using a conditioning 
tank in the circuit, however, the operator has accurate control 
of the time of agitation, which can be varied for different ores 
and reagents. Complete mixing of the reagents is also assured. 

In addition to mixing the reagents uniformly with the pulp, 
the conditioning tank serves as a source of uniform to 

the flotation cells, acting as an equalizing tank or stabilizer. 
Without this tank in the circuit, the flow of feed from the grind¬ 
ing circuit is likely to be uneven, and the reagent content irregu¬ 
lar, thereby interfering with propter opc'ration of the flotation 
cells. A uniform feed naturally improves the operating (‘fficiency 
of a flotation unit. 

CYANIDE RECOVERY OR REGENERATION OF CYANIDE 
Cyanide Consumption and Regeneration 

With regard to regeneration of cyanide, J. E. (3(‘nnell said in 
The Cyanide Handbook: 

Since the main cause of cyanide consumption Is the formation of 
soluble double cyanide or complex cyanogen compounds of the base 
metals, and since solutions highly charged with such compounds are 
more or less inefficient as solvents of gold and silver, it has been sug¬ 
gested that the cyanogen in such liquor might be recovered in the form 
of simple alkali cyanides, by treatment with suitable chemicals. This 
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has been earned out in practice in some cases, but generally speaking 
the cost of chemicals, power, labor and other charges required for such 
treatment outweighs the advantage gained by it. 

The latter part of the foregoing statement may be questioned 
by some, but although the few regeneration plants at work report 
a saving in cyanide and an improvement in the treatment, 
methods for the recovery of cyanide have not been generally 
adoptc^d. A. W. Allen believes that much will be accomplished 
when regeneration of cyanide is economically applicable to the 
low-strength solutions used in the treatment of gold ores. 

Under normal operating conditions the mechanical loss of 
cyanide discharged with the tailing is an important factor in 
cyanide consumption. This loss is because of imperfect washing, 
which in turn is the result of limiting the water wash to the 
amount of w'at(T necessary to maintain a balance of plant solu¬ 
tion. This difficulty can be practically eliminated by using 
solution, from which the cyanide has been removed, to extend 
the wfishing period, according to W. E. Crawford of Fresnillo, 
Mexico. 

In Handbook of Ore Dressing, by A. L. Taggart, II. C. Caiiby 
said: 

Precipitation of gold and silver from cyanide solution by means of 
zinc of aluminum results in regeneration of cyanide, prol)ably not in the 
form of alkali cyanide as originally added but in a form in which an 
equivalent amount of effective cyanide ion is present. 

The common method for regeneration of cyanide is by acidula- 
tion of the solutions. All or part of the cyanogen is converted 
thereV)y into hydrogen cyanide, which is fixed by an alkali 
(generally lime) and returned to the cyaniding system. This is 
the Mills-Crow'c process, the principle of which is described by 
C. W. LawT in T.P. 208, A.I.M,E., 1929, in wdiich he also gives a 
selected list of 38 references to regeneration: 

PuiNciriiE OF Cyanide Regeneration 

The solution, he it a weak wash or a foul solution, is made acid by 
bringing it into contact with sulphur dioxide. The acidified solution is 
then transferred to a closed tank in which air and solution are brought 
into intimate contact. The air leaving the tank charged wdth hydrogen 
cyanide is then passed to another tank in which it is mixed with an 
alkaline solution, the latter absorbing the HCN and leaving the accom- 
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panying air clean for re-use in removing more HCN from the acidified 
solution. 

The extent to which the acidified solution will become impoverished 
of its cyanide will depend upon the acidity, the amount of air brought 
into contact with the solution and the quantity of residual HCN left in 
the air after the latter has passed the absorbing api)aratus. (The sys¬ 
tem is closed so that the same air is used repeatedly.) 

Of course the amount of air required will depend on how efficiently 
it is utilized, but where other conditions are equal it may be stated that 
the amount of cyanide removed from a given volume of solution increases 
with an increase in air; and, further, an increase of air will do more good, 
or a decrease will cause poorer results than almost any other ciiange that 
could be made in the plant. (By increase in air is meant an increase in 
the velocity of that being circulated.) 

The impoverished acid solution may be wasted or used as a water 
wash on the filters, either before or after filtering, depending on whether 
the solution contains enough silver or copi)er to jiay for its removal. 
If the spent solution does not contain any silver, Imt mucli copper, it is 
doubtful whether it could be used as a filter wash beff)re filtering, 
because the slimy nature of the precipitate would affect adversely the 
filter leaching rate. 

The Mills-Crowe cyanide-recovery process is Mi)plical)le only 
in plants of rather large tonnage and best on solutions n*sulting 
from the treatment of silver ores or thos(» contjiining appreciable 
amounts of copper. At the present time, seven r(‘g(uieration 
plants are operating, with an aggregate capacity of ai)proximately 
10,000 tons of solution daily. Four of these an^ briefly described; 
the other three arc at tin* San Luis mill, San Dimas, Durango, 
Mexico; South American Development, in 10(mador and Hudson 
Bay at Flin Flon, Manitoba, Canada. Primarily this process 
effects a reduction in net cyanide consumption by recovering 
the cyanogen which is ordinarily wasted in mill residues. 

Cyanogen in mill solutions exists chiefly as free alkali cyanide, 
as zinc and copper double cyanides and as sulphocyanide and 
ferrocyanides. From the free cyanides and zinc double cyanide, 
substantially complete recovery of the cyanogen is easily effected. 
Part of the cyanogen combined with copper is readily recovered; 
regeneration of the remainder, with the cyanogen existing as 
sulphocyanide and ferrocyanides, requires special treatment 
which well may be justifiied in large plants or in plants where 
unusually strong solutions are employed. 
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From SUver-ore Treatment —W. E. Crawford, in Trans. 
112, AJ.M.E., gives the following description of treatment at 
Fresnillo: 

For details of the process the reader is referred to C. W. Lawr's 
excellent paper. The plant that he describes is very similar to the 
installation at Fresnillo, the principal difference l:)etween the two plants 
being that the Fresnillo plant removes the cyanide from the barren 
solution, using sulphur dioxide gas obtained by the roasting of pyrite 
concentrate from the Fresnillo Company's concentrator, whereas the 
plant of the Compaifiia de Santa Gertrudis, S. A., at Pachuca, removes 
it from an extra water wash after the plant balance has been satisfied, 
using sulphur dioxide gas obtained by burning 98 per cent sulphur. 

One point has been developed in the Fresnillo practice of using treated 
barren solution; namely, that it effects an attractive saving in cyanide, 
but, at the same time, the slightly acid solution has a precipitating 
effect on the silver in the filter cake—as noted under filter practice. 
Also, the process introduces another adverse factor, because some sul¬ 
phur dioxide is absorbed with the hydrocyanic acid gas by the mill solu¬ 
tion in the absorber towers, and this sulphur dioxide gas forms lime 
salts that absorb the oxygen in solution, which must be replaced by 
mechanical means in order to obtain the best metallurgical results, 
especially when treating gold ores. Wherever headroom is available, 
perforated screens are used under pump discharges to obtain an intimate 
contact between the solution and the air. Experiments are now being 
conducted with a 27-in. turbomixer in the mill-solution storage tank, 
to increase the oxygen content. A preliminary test of one hour raised 
the oxygen in I180 tons of mill solution from 68.5 to 89 per cent of satura¬ 
tion; in practice this one mixer raises the oxygen content of the mill 
solution 6 per cent. 

The operation of the cyanide recovery plant is very simple and 
requires only one man per shift under the direction of the cyanide- 
solution operator. During a normal month (for instance, July, 1934), 
75,000 tons of solution was treated. The heads titrated 0.054 free 
cyanide, 0.073 per cent total KCN and 0.038 per cent CaO. The final 
treated solution titrates 0.006 per cent KCN. 

At Pachuca, Mexico. —a. The ores mined at Santa Gertrudis 
are mainly silver bearing, but they yield also some gold and a 
little copper. Strong cyanide solutions are used, and the 
mechanical loss at the tailings filter is large, considering a 
daily discharge of 1600 tons of slime with a liquid-to-solid ratio 
of 2 to 1. The cyanide-recovery plant has a maximum capacity 
of 2000 tons of solution in 24 hr. 
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The sulphur dioxide gas used in the process is made in a rotary 
sulphur burner. It is brought into contact with the cyanide 
solutions in an acidifier. The HCN formed in the acidilier 
remains in the acid solution until removed in the dispersers. This 
gas is dissolved in the solution, and although it can be removed 
fairly easily, it is fixed sufficiently in the acidified solution, 
so that upon passage through a weir box 6 ft. in length open to 
the atmosphere under normal conditions no loss of HCN can be 
detected by silver nitrate titration of the solution as it enters and 
leaves the weir. At times, an odor of HCN is noticeal)le, indicat¬ 
ing a slight loss. 

The HCN is removed from the acidified solution by bringing a 
large volume of rapidly moving air into contact with the acidified 
solution spread over a large surface. Solution-surface exposure 
is obtained by grids and spra3dng devices. At least 15 cu. ft. 
air per min. per ton solution treated in 24 hr. is required. 

The HCN removed from the acidified solution then is absorbed 
by an alkaline plant solution in horizontal absorbing towers 
in which the solution and the air containing the gas arc brought 
into close contact. 

If silv(»r and copper are present in the filter wash that hfis been 
deprived of its cyanide, they will be thrown out as precipitates. 
The treated solution may be filtered, and the slimy material 
dried and sold to a smelter. Gold does not appear to be 
precipitated. 

Careful control and tasting are essential in carrying out the 
foregoing process. In 1929 the Santa Gertrudis plant was 
recovering cyanide worth 24 cts. from each ton of solution treat(3d 
at a cost of 8.3 cts. per ton of solution, which is worth while. 

b. Regeneration at the Loreto mill, Pachuca, Mex., according 
to R. R. Bryan and M. H. Kuryla in Trans, 112, A.I.M.E,, 
1935, costs 22 centavos (6.2 cts. or 3.1 pence) per kilogram 
cyanide recovered, exclusive of credit for acid for treating 
filter leaves and for precious metals recovered. The plant treats 
110,000 tons final wash solution a month. This carried} 750 grams 
NaCN and 7 grams silver per ton; after treatment the tailings 
assay 70 grams cyanide and a trace of silver. Daily sulphur 
consumption is 2500 kilograms. Regeneration consists of (1) 
acidifying the solution with sulphur dioxide to neutralize lime 
and convert the cyanides to hydrogen cyanide; (2) vaporizing 
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the hydrogen cyanide from this solution by means of a large 
volume of air; (3) absorbing the hydrogen cyanide carried by 
this air in the regular mill solutions; (4) adding zinc dust to 
precipitate the gold; (5) recovering the gold-silver-copper 
precipitate by filtration. 

At Rosario, Honduras ,—According to P. T. Bruhl in E. and 
M.J., Apr. 21, 1928, the Mills-Crowe cyanide-recovery process 
was started at Rosario, Honduras, in mid-1926 and in the first 
year saved $21,000 in cyanide. In 1933 the silver content of 
the ore averaged 29 oz. per ton. It occurs principally as 
stephanite. Most silver ores need a strong cyanide solution 
to ensure satisfactory extraction. The regeneration process 
enables an im^rease in the strength of solution, but this causes 
additional expense through increased physical and chemical 
losses. Longer agitation and finer grinding may be more 
profitable than an increase in the strength of solution. After 
a certain extraction has been obtained (91.5 per cent in 1933), 
further improvement comes only by additions of cyanide out of 
all proportion to the final economic results. This cyanide- 
recovery process may be employed profitably in plants treating 
high-grade silver ore and in those situated in out-of-the-way 
districts where cost and transportation of cyanide are important 
considerations. But Bruhl questions whether it can be used 
profitably in plants treating lean gold ores. 

From Gold-copper Residue Treatment. —H. B. Wright 
stated in E. and M.J,, May 5, 1923, that regeneration of cyanide 
from cupriferous cyanide solutions is profitable, easy of applica¬ 
tion and made possible the treatment of a dump of refractory 
residue in New South Wales, Australia. This material contained 
about $4 gold per ton and 0.1 per cent copper in the sand and 
0.33 per cent in the slime. While treating more than 10,000 tons 
of this mixture, half of the cyanide was regenerated, and about 
1 lb. per ton copp(>r was recovered. 

. To neutralize acidity, 4 lb. lime was added to each ton of sand 
going to the leaching vats; 2 tons cyanide solution per ton sand 
was used during the 14 days' treatment. But as it is essential 
for regeneration to deprive solutions of alkalinity or free cyanide, 
the sump solution titrating 0.06 per cent NaCN and 0.04 per cent 
CaO was applied to the 70-ton sand vats, a half ton to each ton 
of sand, preceding the neutralization by lime. The solution 
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draining away was neutral to phenolphthalein and was 
pumped to the regenerating part of the plant for subsequent 
treatment. 

It was found best, by repeated tests, to apply one case or 224 lb. 
cyanide all at once to a vat containing 70 tons sand. The next 
step was to pump regenerated solution of 0.14 per cent NaCN 
and 0.10 per cent CaO strength over the cyanide placed on top 
of the sand, which dissolved all of the new cyanide reqiiirc^d and 
raised the strength to 0.40 per cent. This solution was circulated 
by pump for 8-hr. periods over two days. Then it drained to 
the zinc boxes, having 0.15 to 0.20 per cent free cyanide. 

Precipitation on zinc was for the riclier and stronger solutions 
only, and 80 per cent precipitation of the gold was considered 
good work under the conditions of treatment. Calciuin sulphate 
mud was a nuisance in the boxes. The gold-bearing sludge was 
so refractory that it was sold to a smelter. 

Precipitation of gold from the weaker solutions was accom¬ 
plished by sulphuric acid. Copper is present in th(^ solution 
as the double cyanide Cu 2 (CN) 22 NaCN and is pnuMiMtated 
in the paddle agitator mentioned in the next paragraph, by 
means of sulphuric acid. The dried precipitate assayed 60 per 
cent copper, 70 oz. gold and double that of silver. 

Regeneration was done as follows: The solutions neutralized 
and freed from active cyanide, as already mentioned, were 
eventually pumped to an elevated agitating tank of 50 tons 
capacity. Enough sulphuric acid was them added to throw down 
as cuprous cyanide, Cu 2 (CN) 2 , all of the copper present. Each 
charge of solution required from to 14 lb. per ton. The 
agitator, from which an unpleasant odor arose, was then stopped, 
and the cuprous cyanide precipitate allowed to settle for hr. 
The clear liquor, charged with hydrogen cyanide, was decanted 
into a 50-ton Dorr agitator. Milk of lime then was added 
until the solution showed 0.09 to 0.13 per cent free CaO and 0.14 
per cent free NaCN. Agitation was effected by pumping. The 
regenerated solution was then pumped into the head tank and 
re-used in treatment, as described. 

The Dorr agitator was cleaned of insoluble matter at periods 
of 3 to 6 months. The cuprous cyanide precipitate from the 
paddle agitator was allowed to accumulate during six charges, 
then was washed out and drained on a filter consisting of wooden 
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slats, coconut matting and sacking and finally dried and shipped 
to the smelter. 

Note.—A lthough no ill or serious results ever attended the use of this 
process at this plant, it should be used with caution because of the extreme 
danger of cyanide poisoning by hydrocyanic acid gas. 

LEAD SALTS AND LEAD MINERALS IN CYANIDATION 

'‘Lead acetate is useful in assaying cyanide solutions, testing 
roasted ores for sulphur, correcting working cyanide solutions 
and in aiding precipitation," to quote M. W. von Bernewitz 
in M. and jS.P., Nov. 15, 1913. When soluble sulphides are 
formed by decomposition of certain minerals in ores, or sulphides 
are present as an impurity in the cyanide salt used, the addition of 
lead acetate will convert them to a sulphide of lead, which is 
insoluble and relatively innocuous. Other salts of lead, as the 
nitrates and the oxide litharge, are satisfactorily used. 

When the existence of soluble sulphides in an ore or in the 
cyanide is known, it is well to add lead salts to the ore or solution 
at the start of experimental work. As an aid to precipitation, 
when the zinc-lead couple is used, gold may be precipitated from 
very weak solutions—as low as 0.005 per ctmt free cyanide. Lead 
salts may be added at any point in a pulp circuit and in the 
precipitating system and even to an ore before it is milled. Lead 
nitrate is used on the Rand, and the consumption during 1933 
amounted to 0.03 lb, i)er ton ore milled. 

GRAPHITE IN CYANIDING ORES 

The so-called “graphite" or carbonaceous mineral that exists 
in certain ores in California, Montana, Ontario, West Africa 
and Western Australia has been a source of considerable difficulty 
in cyanide plants for many years. It usually occurs in graphite 
schists adjacent to the ore bodies and with quite an irregular 
amount of carbon, increasing the difficulty in plant control. 

Several different treatment methods have been developed to 
overcome the premature precipitation of gold by the carbon from 
cyanide solutions. In West Africa, a post treatment was given 
following usual cyanide practice by releaching with sodium 
sulphide solution which acted as a solvent for the gold precipi¬ 
tated by the carbon. Results, however, were not satisfactory. 
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The Silver-Dorfinan process in which the ore, crushed in water, 
was treated with small quantities of fuel oil, kerosene or a com¬ 
bination of both, prior to cyanidation, was successfully used at 
some plants. The oiled graphite lost, to a large extent, its 
precipitating power. 

Roasting was a satisfactory solution, but its cost precluded 
its use on many low-grade ores. 

The later development of flotation for gold ores has, in most 
cases, provided a satisfactory pretreatment and has b(^en applied 
in several ways. Flotation removes most of the freed carbon 
with the concentrate which is then roasted prior to cyanidation 
or shipped to a smelter. McIntyre, using flotation with cyanida¬ 
tion of concentrate, refloat their cyanidation tailing and return 
this concentrate to head of the cyanide circuit when tlu^y encoun¬ 
ter carbonaceous ore. 

Graphite is present in the gold-silver ore of the Missouri 
McKee Gold Mining Company, Madison County, Montana, but 
it is rendered innocuous by the treatment devised by R. J. 
Woody, mill superintendent. The ore after being crushed in 
water by 10 stamps fitted with SO-mesh screens flows over 
copper plates. The pulp is treated with kerosene from a drip, 
then passes over Wilfley tables and into an Akins classifies which 
makes a sand product and a slime product for cyanidation. The 
graphite, collected by the kerosene, floats atop the Dorr thickener 
and is periodically skimmed off. Assays of the scum show it to 
be valueless. 

E. B. Leaver and J. A. Woolf of the U. S. Bureau of Mines 
described a number of experiments on California carbonaceous 
ores in T.P. 481, 1924, and some of their further work on the same 
subject was published in R.I, 2998, U. S. B. of ilf., 1930. 

FINE IRON IN MILL PULP 

Fine iron and chips of iron and steel from crushing and grinding 
become mixed with the pulp and affect the subsequent treatment. 
At the Wright-Hargreaves, Kirkland Lake, two Dings high- 
intensity pulleys, which receive the tube-mill discharge pulp after 
dilution, extract as much as 40 tons per month of fine iron 
and steel. The material is cleaned on a small Wilfley table to 
free it of pyrite, gold and siliceous material, to prepare it for 
melting into balls. 
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USE OF BROMO SALTS 

Bromo salts are a mixture of 57 per cent sodium l)romide, 
NaBr, and 43 per cent sodium bromate, NaBrOs, in the form of 
light-gray, light-yellow or reddish-brown crystals or powder. 
They are shipped in cases holding 224 lb. The individual salts 
have a density of 3.0 and 3.3, are soluble in water and for export 
are packed in 100- to 112-lb. cases. 

The use of bromo salts for treating a telluride concentrate 
in the Wright-Hargreaves plant at Kirkland Lake is described 
by J. T. Willey in E. and M.J., July 7, 1928. 

Two 12- by 10-ft.. tanks w^ere used as collectors. They had 
mechanical agitators and a capacity of 15 tons solids and 15 tons 
solution. When thoroughly mixed, samples were taken for 
specific gravity, moisture, alkalinity and cyanide content. If 
necessary, sulphuric acid was added to reduce alkalinity to 
0.1 p(^r cent, and cyanide was added to increase the strength to 
1 lb. p(^r ton. 

Bromocyanide was next made by mixing bromo salts, cyanide 
and sulphuric acid. To make 1 lb. bromocyanide it requires 
521 grains bromo salts in 1500 cc water, 207 grams potassium 
cyanides in 1500 cc water and 486 grams 66°B6. aedd in 4500 cc 
water. Twe^nty pounds bromocyanide was made for each 
charge of 15 tons concentrate. The procedure was as follows; 

Thrcjc? 40-gal barrels were used. Into the first, which w^as 
immediately above the agitating tank, was put the requisite 
quantity of sulphuric acid. For 20 lb. bromocyanide this barrel 
held twenty times the quantity of water and acid given in the 
formula. The other two barrels were immc’idiatcly above the 
acid barrel. From the bottom of each of these barrels was a 
lead pipe leading to the acid barrel, which itself had a lead pipe 
leading to the agitator. Plugs served as valves. The acid 
barrel was covered to prevent escape of bromine fumes and also 
had a hand-w’orked paddle mixer. Into one of the upper barrels 
was placed tw^enty times the quantity of bromine salts and water 
given in the reccipe, and in the other barrel an equivalent amount 
of cyanide and water. The salts were then dissolved. Next, 
the plugs in the upper barrels were pulled out simultaneously, 
letting the solutions into the acid barrel, the contents of which 
were stirred. The 20 lb. bromocyanide was then run into the 
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agitator. Stirring proceeded for 24 hr. when the pulp was 
sampled and assayed. If high in gold, more bromocyanide was 
run in, and the agitation repeated until extraction was complete. 
During July, 1927, 70 tons concentrate averaged $76 per ton 
before treatment and $1.50 after treatment, equivalent to 
98 per cent extraction. 

HYDROGEN-ION CONTROL IN ORE FLOTATION 

pH control is applied mainly to pulps in which certain l Oagents 
known as regulators are used. These reagcMits are ciii)able of 
changing the pH concentration of the circuit and thus influence 
other factors involved in flotation. Their ability to depnvss or 
float selected minerals is closely associated with the degree of 
alkalinity (or acidity) of the medium. Frequent pH tc‘sts should 
be made. The use of excess lime can be avoided by proper pH 
control, and it may be pointed out that the use of too miu^h lime? 
not only wastes this material but may have a harmful eff(‘ct upon 
the operation. In particular, lime tends to inhibit th(» flotation 
of metallic gold. The positive influence of hydrog(»n-ion con¬ 
centration likewise holds true in the usc^ of regulators otlier than 
lime; moreover, the degree of active alkalinity or pH exc^rts a 
characteristic influence throughout the processing not only on 
the regulators but also on the other n^age^nts used. 

Hydrogen-ion determinations should be p(*rformed on the 
individual raw ores, because these substanc(\s vary wid(»ly in 
their natural reaction, and a record of such characteristics will 
be of value to the operating engineer. Furthermore, pH deter¬ 
minations are of value in the control of the water used in flota¬ 
tion. Differences in pH always wnll be found in the raw waters, 
and these changes often cause variations in the operating results 
of the flotation machine which cannot be explained otherwise. 

All crude ores will be found to vary in their lime-consuming 
power, and the extent of this factor should be determin(*,d prior 
to treatment. Provision must be made for the addition of enough 
lime not only to satisfy the lime-consuming power of the ore 
but also to produce the proper hydrogen-ion concentration within 
the flotation medium. In determining the lime-consuming power 
of raw" ores, the following procedure has been recommended 
by La Motte, Kenny and Reed in their book *'pH and Its 
Practical Application.'' 
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Determining Lime Requirements of Ores. —Fifty-gram sam¬ 
ples of the dry, ground ore are placed in 8-oz. bottles with 
200 cc distilled water. To the first sample bottle no lime is 
added; to the second the equivalent of 0.5 lb. calcium oxide per 
ton solution is added; and to the third, fourth, fifth and other 
bottles 1.0, 1.5, 2.0, etc., lb. calcium oxide per ton solution is 
added. The bottles are stoppered and agitated for 1 hr. after 
which the pulp is filtered, and the pH value of the filtrate deter¬ 
mined. An analysis of the filtrate is then made to determine 
the amount of calcium oxide remaining in solution. When this 
value is known, the amount of lime consumed by the ore may be 
calculated. This procedure permits excellent control of the 
regulator, not only giving greatest economy but at the same time 
enhancing the efficacy of the other reagents used in the flotation. 

Optimum pH Zones. —^Lack of uniformity in untreated ores 
and differences in operating methods and in the types of separa¬ 
tion desired make it impossible to prescribe optimum pH values 
for general use. Preliminary tests must be made on the ore. 
The nature of the separation involves considerable care in the 
selection of reagents as well as the proper alkalinity or pH of 
the circuit. 

pH measurements may be made by the standard comparator 
method. Preliminary tests with satisfactory color charts will be 
adequate in outlining approximate value. 

Plant Example 1.—At the Premier mill in British Columbia 
mine water is used in the plant that treats a gold-silver ore. 
It does not carry anything injurious to flotation and has a pH 
value of 7.2. Experiments showed that the recoveries were 
highest when a pH of 7.8 was maintained. Higher concentra¬ 
tions had neither detrimental /lor beneficial results. As showing 
the value of pH controls, since 1929, the sodium carbonate 
reagent used was 0.4 lb. per ton ore in 1928, 0.08 lb. in 1929 and 
0.03 lb. in 1931. 

Plant Example 2.—^The Mclntyrc^-Porcupine takes its water 
from Pearl Lake. This water has a pH of 7.80 and total solids 
of 0.0473 per cent. Alkalinity determinations are made periodi¬ 
cally with a Leeds and Northup indicator on the water and solu¬ 
tions in the flotation circuit. No compounds are used aside from 
the standard collecting and frothing reagents for the gold ore. 
The alkalinity of flotation solutions shown in the accompan 3 ring 
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table was given by J. J. Denny in E. and M.J., November, 
1933. 

Alkalinity of Flotation Solutions at McIntyre-Porcupine 


Place pH 

Tube-mill feed. 8.10 

Tube-mill discharge. 8.90 

Classifier overflow. 8.70 

Primary-cell feed. 8.75 

Primary-cell discharge. 8 00 

Secondary-cell feed. 8.80 

Secondary-cell discharge. 8.40 

Filtrate from concentrate. 8.30 


Plant Example 3.—Mine water is used in tin* Golden (Chariot 
mill, Idaho. A pH of 8 is suitable for flotation; if it falls below 
this, soda ash is added to bring it up to this value. 

SAMPLING ORE AND SOLUTION 

Proper and accurate sampling is very ess(?iitial to control of 
ore treatment. Until a plant has beim running for some time 
much sampling should be done between the min(» and the tailings 
discharge. Later some of these may be eliminated, or at least 
certain operations such as screen analyses in cc^rtain stages may 
be dispensed with. 

Sampling may be divided into three different types according 
to whether broken ore, pulp or solution is being sampled. The 
most reliable sample is that obtained continuously. Various 
machines are made for cutting a continuous sample from an ore 
or pulp stream, whereas a drip-wire arrangement is usually 
used for solutions. If the sample cannot be taken continuously, 
some method of taking regular cuts is very often used. This 
may be done by machine or hand. Grab sampling is practiced 
but of course is not to be recommended for general use. For 
checking strengths of solutions and during test work grab sam¬ 
pling is often done and is useful. Some sampling practices at 
different plants are given in the following examples: 

Golden Cycle. —Figure 81, from L. S. Hamer's description of the 
Golden Cycle mill, I.C. 6739, U, S. B. of M.y 1933, shows how 
the ore is sampled prior to treatment. As this is a custom mill, 
the mill-head sample must be very representative, and much 
greater care is taken than is usual in a noncustom mill. 
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HoUiager.—The list on page 249 given by E. L. Longmore 
and M. E. Williams in C.M.J., September, 1935, shows the 
routine samples taken in the Hollinger feed, the purpose and the 
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Flo. 81.—Golden Cycle eampUns plant, Colorado Springs 
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sampling interval. The Hollinger flow-sheet, given in Chap. 
XII, will aid in interpreting this list. 

Longmore and Williams state that with the exception of the 
tailings from the secondary filters (final mill tailing), from which 
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an automatic sampler takes cuts at five minute intervals, all 
mill samples are taken by hand. 


List of Routine Samples at Hollinqer Mill 


Product sampled 

Purpose 

Sampling 

interval 

Assay-ton 

charge 




] 

Classifier Overflow; grinding circuit. . . 

Assay and screen 

4 times per shift 



test 

at irregular in- 




tervuls 

5 

Table head. 

.Assay 

2 hr. 

2 

Table concentrate. 

Assay 

2 hr. 

1 

Table tail. 

.Assay 

2 hr. 

5 

('oncentrate classifier Overflow . 

Screen t«‘Ht and 




assay 

Hourly 

5 




5 

Concentrate agitator tail. 

Assay and screen 




test 

2 hr. 

5 



2 hr. 

5 

Dorr agitator tail. 

! .Assay 

2 hr. 

5 

C.C.D. tail (solutiun and pulp). . 

.Assay 

2 hr. 

10 

Pachuca agitator head. 

.Assay 

2 hr. 

10 

Pachuca agitator tail. 

.Assay 

2 hr. 

10 

C-C.D. No. 3 tanks (last) thickener 




overflow grab sample. 

.Assay 

2 hr. 

10 

C.C.D. sump water grab. 

.Assay 

Once each shift 

10 

Gold solution. 

Assay 

Every change¬ 

3 to 6 A.T. 



over of tanks 

(Each shift) 

Press tails. 

C\)lor test 

Hourly 

750 cc 

Press tails, continuous sample. 

.Assay 

ICach shift 

20 

Kepulped primary filter cake (pulp and 




Sfilution). 

Assay 

2 hr. 

10 

Primary filter (;ake solution. 

Assay 

2 hr. 

10 

Secondary filter cake (pulp and solu> 

.Assay and screcTi 

.Automatic, 


tion). 

test 

•A min. 

20 

Secondary filter cake. 

Per cent moisture 

Hourly 


Secondary filter-cake filtrate (grab 




sample). 

.Assay 

24 hr. 

10 

Graphite taken from top of primary 




thickener 31 (grab sample). 

.Assay 


I 

Press-tail drip (drip from gold presses). 

.Assay 

Once a wi?ek 

10 

(Continuous sample. 




Harren solution by-passes continuous 




sample during cutting in of gold 




presses. 

Assay 

At end of cutin 

10 


About one ton of final pulp is collected in 24 hr. It is kept 
agitated in a small tank with an air jet. A suitable size portion 
is cut from this when discharged from the tank. Allowance is 
made in the assay for the small amount of gold dissolved during 
the 24-hr. collection. 
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Mclntyre-Porcupine. —Sampling at this plant is described 
by J. J. Denny in E, and MJ.j November, 1933. Mill heads 
are sampled every half hour from the He-in. product feeding the 
tube mills. Approximately 200 lb. is taken each shift and 
reduced to 60 lb. with a Jones riffle. 

Flotation concentrate, flotation tailings and cyanide residue 
are sampled by Geary-Jennings automatic machines. About 
100 lb. tailing and 50 lb. concentrate and cyanide residue are 
collected per shift. Hand samples are taken periodically by the 
operators from the classifier overflow and primary flotation tail¬ 
ings in the flotation section, together with classifiers, agitators, 
thickeners and filters in the cyanide section. Solutions in the 
cyanide circuit are sampled continuously with drip wires cutting 
through the flow. These samples are titrated for lime and 
cyanide and then assayed. 

Head assays are usually about 1 to 2 per cent lower than 
actual bullion plus tails indicate. 

Pioneer. —Sampling at Pioneer is described by R. Spry and 
P. Schutz in Trans, 112, A.J.M.J?. The mill feed is sampled 
automatically by a Geary-Jennings sampler underneath the head 
pulley of the conveyor handling mill feed. The sampler cuts the 
ore stream every 23 ^^ min. and produces approximately 500 lb. 
per day. This is on a feed containing about 7 per cent + J^-in. 
lumps. This sample is crushed to in. and riffled to 50 lb. 
before sending to the assay office for further reduction before 
assaying. 

Recovery is based on heads calculated from bullion plus 
tails. The mill heads as determined from the sample usually are 
below the actual heads. Products into and out of all agitators, 
secondary thickeners and filters are sampled regularly and 
assayed daily to maintain close control of operations. This 
procedure is desirable because of the great variation in feed 
values at times. 

Wright-Hargreaves. —The sampling methods at the Wright- 
Hargreaves, Kirkland Lake, Ontario, were described by Malcolm 
Black in BuL CM, and M., September, 1935. Black notes the 
importance of accurate measurement of mill tonnage. The 
weightometer in the belt conveyor is checked periodically and 
is generally correct to within one-half of 1 per cent. Moisture 
samples are taken every hour. These are placed in a jar having 
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a tight-fitting cover so that dr 3 ring does not take place before 
the moisture determination is made. 

A unique system for sampling various pulps consists of several 
air-operated cutters, all controlled by one master controller. The 
master controller is made up of a timing mechanism driven by a 
Telechron motor, a Geco sampler, a four-way valve and an air 
header. The four-way valve is operated by the Geco sampler. 
The two pressure ports of the four-way valve are connec^ted to a 
two-partition header. The cylinders operating the cutter are 
connected to the header by j^^-in. copper tubing. Wedge-shaped 
cutters are operated by a cylinder and piston, bt^ing made to cut 
the pulp stream every 15 min. 

Black also notes the need of a truly representative sample of 
press heads and tails. The common fault of a drip wire in the 
whole stream is that the rate of drip is not proportional to the 
rate of flow. The system at this mill is to use an automatic 
siphon in a small tank. This tank, holding about 1 cu. ft., is 
fed continuously by a H-in. line from the main line, nie tank 
discharges through a 1-in. pipe. The sample is taken from this 
discharge by inserting a plug in the 1-in. line. I'he plug 

has a hole for delivery of the sample into a large jar 

fitted with a rubber stopper. The sample size may be regulated 
by the distance the plug is inserted in the 1-in. pipe. 

The sample bottles for press tails are kept in a safe so that 
if by carelessness the operator allows the press tails to run high, 
he cannot destroy the evidence. This safe consists of a metal 
box containing three Winchester bottles. The discharge pipe 
from the siphon passes through the box, and the sample is drawn 
off within the box. A small “drip catcher” operated from the 
outside is used to shift the flow to the various bottles. 

General ,—In taking samples of pulp containing cyanide solu¬ 
tion, it is the practice at some plants to add a little potassium 
permanganate solution to the sample container to arrest the 
solvent action of the cyanide. 

SIEVE OR GRADING TESTS 
Importance of Knowing Particle Size 

Wartenweiler, previously cited, made the following concise 
statement regarding grading tests: 
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This simple subject is important, particularly where extraction is 
dependent on degree of comminution and where large-scale milling 
technique must be largely governed by a measurement of particle size. 

With regard to sieve tests, F. C. Bond and W. L. Maxson, in 
Trans. 112, 1934, consider that more information is 

contained in a screen analysis than is ordinarily recognized and 
that need is increasing for methods of making this additional 
information easily available. As more comprehensive studies 
of crushing and grinding are made, and as the possibilities of 
decreased expense and increased recovery through a closer control 
of grinding are explored, methods of interpreting screen analyses 
assume an importance that they have not had heretofore. The 
information generally desirc'd includes the size distribution 
of the material passing the finest screen, the presences of a hard- 
grinding fraction, the position of natural grain sizes, the presence 
of sundry materials with markcHily different grinding character¬ 
istics, the presence and amount of finely divided material, as 
clay, which is merely unlocked in grinding and the total surface 
area of the ground product. 

Bikve Seuies 

In the United States and in a number of other countries, testing 
sieves of the W. S. Tyler Company, Cleveland, Ohio, are the 
standard of metallurgists and technical institutions. This firm 
manufa(!tures wire cloth to the standard scale. Many industries 
have established 200-mesh cloth as the minimum in screen sizing, 
and as the U. S. Bureau of Standards has standardized the 
200-mesh sieve made from 0.0021-in. wire, having an opening of 
0.0029 in. or 0.074 mm this sieve has been adopted as the basis 
of the Tyler standard screen scale. When it is necessary to carry 
an analysis finer than 200 mesh, as is done at Kirkland Lake, 
Ontario, for example, sieves can In^ procured as fine as 325 mesh. 
When discussing pulp sizes finer than 200 mesh, many millmen 
refer to them as so many microns. One micron is 0.001 mm or 
approximately 1/25,000 in. Material that remains on 200 mesh 
is about 74 microns in size; that through 200 and on 325 mesh is 
about 58 microns. The laboratory at Noranda, Quebec, has 
separated, by means of an elutriator, pulp down to 8-micron 
size. If material is 100 per cent through 200 mesh, it is roughly 
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equivalent to 85 per cent through 325 mesh. (See Chap. XV 
for comparison Tyler and I.M.M. screen scales.) 

determination of gold in cyanide solutions 

Measure 250 cc solution (8.571 assay-tons) or any other 
convenient volume which will contain a suitable amount of 
gold or silver. A few drops of strong NaCN solution may be 
added if it is desirable to strengthen the solution. TIhmi add 
1 to 2 grams zinc dust, and stir thoroughly. Add 30 to 40 ec of 
a 50 per cent solution of lead acetate and stir. Heat the solution 
until steam rises, but do not boil. Then add slowly ab^out 25 cc 
of c.p. hydrochloric acid which is sufficient to cause a lead sponge 
to form on top of the liquid and to clear up tiu; remaining solu¬ 
tion. Boil gently for a minute or two witliout breaking the 
sponge, then gently form the sponge into a compact mass with a 
stirring rod. Decant the liquid, wash the sponge in cold water, 
squeeze dry wuth the fingers, wrap in lead foil, dry thoroughly on 
a hot plate and cupel in a muffle. If the ratio of silver to gold 
in solution is not high enough for parting, silver foil should be 
added with the lead foil. 

Detection of Gold and Silver in Cyanide Solutions. —The 

following methods will be found useful for th(^ rapid detection 
of gold or silver in barren or precipitated solutions. With prac¬ 
tice, both estimations can be made with considerable accuracy 
but are, of course, intended to be supplementary to tlie regular 
daily assays. 

Gold (Dowsbtt Method) 

Take approximately 1000 cc solution in a tightly Htopperod jar. 

Add saturated solution of NaCN to bring t he Bolution to be tested up to 
about 0.10 per cent NaCN. 

Add 2 drops lead acetate (clear saturated solution). 

Add a pinch (approximately 2 grams) zinc dust. 

Shake well for about 2 min. 

Pour into a large evaporating dish. 

Settle and decant clear solution. 

Add 10 cc aqua regia and evaporate nearly to dryness. 

Take up in 2 cc concentrated hydrochloric acid. 

Pour into a small test tube and cool thoroughly (importani). The tube 
should be about 3 to 4 in. long and not over Js diameter. 

Add a few drops fresh, saturated stannous chloride solution. The pres¬ 
ence of gold will be indicated by a purplish ring at the point of contact or 
by a purplish tinge throughout if the tube is shaken. 



254 CYAN I DAT ION AND CONCENTRATION OF ORES 


The whole operation may be performed over a spirit lamp 
or similar fiame and does not take more than 5 min. The 
presence of as little as 0.02 dwt. gold per ton solution is plainly 
shown. 

Silver. —few drops of a 10 per cent solution of sodium 
sulphide added to 25 or 50 cc of the plant solution to be tested 
gives a pure white precipitate of zinc sulphide in the absence of 
silver. The precipitate becomes brownish in the presence of 
silver and the depth of color is a close indication of the amount 
present. 

The presence of the usual small amounts of lead in the solutions 
does not affect the result appreciably, according to the Merrill 
Company. 


PYRITE AND PYRRHOTITE 

The studies made by C. G. McLachlan and R. J. Morton at 
Noranda, Quebec, on the occurrence and behavior of pyrite 
and pyrrhotite, particularly in copper ore from the Home mine, 
are of value to gold and silver metallurgists. Their findings are 
given in Trans, 112, AJ.M,E,, 1935. Later, experimentation 
on cyaniding the pyrite is given. 

B, Robinson first conceived and demonstrated the possibility 
of the quantitative determination of pyrite and pyrrhotite in 
Noranda ore by chemical methods. The ore comprises 22 per 
cent pyrite, 52 per cent pyrrhotite and 7 per cent chalcopyrite. 
The methods of analysis are as follows: 

Method op Pyrite Analysis 

1. Weigh out into a 300-cc beaker a l-grani sample of ground pulp, if 
the pyrite content is in excess of 10 per cent; or a 2-grain sample, if pyrite 
is less than 10 per cent. 

2. Add 50 cc 2:1 HCl (2 parts water to 1 part HCl by volume). 

3. Heat on hot plate for about 10 min., until evolution of H 2 S fumes 
is finished as denoted by testing with lead acetate paper. 

4. Filter with suction pump through a Gooch crucible lined with an 
asbestos pad. 

6. Wash thoroughly with hot water. 

6. Transfer crucible with contents to a 500-cc beaker, add a pinch of 
potassium chlorate to residue in crucible, then add enough concentrated 
nitric acid to decompose sulphides. 

7. Evaporate to dryness on hot plate, and bake for 25 min. 

8. Add 50 cc dilute HCl, and wash down with water. 
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9. Heat until nearly boiling, then add stannous chloride drop by drop 
until solution becomes colorless. 

10. Cool solution and dilute to 300 cc bulk. 

11. Add 10 cc concentrated mercuric chloride solution. 

12. Add 15 cc titrating solution and 3 drops indicating solution. 

13. Titrate with potassium dichromate solution to a permanent violet 
color. 

Notes. — (a) If considerable copper is prestuit, the reduction of the HCl 
solution must be done by boiling with test lead, (h) Alternative* to step 7: 
Evaporate until nearly dry. Add 10 cc concentrated sulphuric acJd. Take 
to white fumes denoting removal of all nitric acid, (c) If alternative to 
step 7 is used, substitute the following for step 8. Cool and take up with 
60 cc dilute hydrochloric acid. Wash down with water. 

Solviions Required, 

1. Standard potassium dichromatc solution: 1 cc ~ 0.00400 gram Fe. 
4.09 grams per liter. 1 cc *= 1.0 per cent FeSa in 1 gram original sample. 

2. Stannous chloride solution: Dissolve 150 grams stannous chloride in 
250 cc concentrated hydrochloric acid, and then add 500 cc of water. 

3. Mercuric chloride solution: Saturated solution mercuri<r chloride 
required (60 to 100 grams per liter). 

4. Titrating solution: 150 cc sulphuric acid, 150 cc phosphoric acid and 
700 cc water. 

6. Indicating solution: 1 gram diphenylamine dissolved in 100 cc con¬ 
centrated sulphuric acid. 

For rapid work it is essential that a suetioii pump and a Gooch 
crucible be used for filtering. Also, it is advisable to use the 
alternatives to steps 7 and 8. The use of diph(uiylainine as an 
internal indicator was decided upon because of the necessity 
for speed, and its use has been entirely satisfactory. Applica¬ 
tion of the correction for copper in the determination of pyrite 
is as follows: A rapid determination of the copper in tin; sample 
is made by the fluoride-iodide method (H. N. Thomson, E, and 
MJ,, 1932, 133, 278). As in all samples dealt with the copper 
is present in the form of chaleopyrite, the percentage of iron 
in the chalcop 3 rrite can be calculated from the chemical composi¬ 
tion (Cu, 34.5 per cent; Fe, 30.5 per cent; S, 35.0 per cent) as 
follows: 




The figure so obtained is then multiplied by the factor for pyrite, 
which is 2.146, and the product is deducted from the original 
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titration figure for a 1-gram sample; the remainder represents 
the percentage of pyrite in the sample. 

Method of Pjnrhotite Analysis. —The method for pyrite 
analysis is followed up to and including step 4; the filtered 
solution from this step is then reduced by stannous chloride, 
and the iron content of the solution determined by following the 
same procedure as in the pyrite method. If the standard 
dichromate solution given above is Uvsed for determining the 
percentage of pyrite directly, it is necessary to multiply the titra¬ 
tion reading by 0.750 to obtain the percentage of pyrrhotite as 
Fei 2 Si 3 in a l-grarn sample. (The formula for pyrrhotite given 
here naturally applies to Noranda ore and should not be used for 
another ore without being checked.) 

Method of Magnetite Analysis 

1. Weigh out into a 300-c(; beaker a 1-gram sample. 

2. Digest thoroughly with bromine and concentrated nitric acid on hot 
plate until no further njaction takes place. 

3. Dilute with large quantities of w^ater by succe.ssive decantations until 
all the iron in the solution is removed. 

4. Add 50 cc 1:1 HCl. Warm until the magnetite goes into solution. 

6. Reduce the solution with stannous chloride, and determine the iron 
content, following the same procedure as in the pyrite method. 

6. Calculate the percentage of magnetite as P'’e 304 . 

The application of the correction for magnetite to the method 
for the determination of pyrrhotite is as follows: The percentage 
of iron soluble in hydrochloric acid is determined by the pyrrho¬ 
tite method. The percentage of iron in the form of magnetite 
is then determined on a duplicate sample by using the foregoing 
method. Subtraction of this figure from that obtained by the 
pyrrhotite method will give the corrected percentage of iron as 
pyrrhotite in the sample. This figure is now multiplied by the 
factor 1.622, and the result will be the percentage of pyrrhotite 
as Fei2Si3. 



CHAPTER XII 


TREATMENT OF SIMPLE AND COMPLEX ORES 

Thin chapter is devoted to brief descriptumn of the. current treat nwnt 
of simple and of complex gold and silver ores. Many descriptions of 
plants and methods have been abstracted from recent issues of the technical 
press, but others have come to us direct. The examples given show the 
practice in different parts of the world in which the v cvvtTy of gold from 
gold ore may be made by the simple use of anuilganuition alone or by the 
use of more elaborate combinations of tvo or more of the methods available 
such as amalgamation, gravity concentratUm, cyanidatum ami flotation. 

The trend in metallurgical practice in such districts as Kolar, India; 
northern Ontario, Canada; the Motlur Lode of California and the Hand 
of South Africa is renewed. This and the description of huiindudl 
plants in which the ores are arrwnable to ordinary nu ttwds of treatnuml 
are grouped under the heading ** Treatnunt of Simple Ores,” 

On> the other hand, gold ores that, contain arsenopyrite, copper, pyrrhotite 
and the teUurides and the base~mebU ores containing gold are refracUtry; 
therefore, the practice in recovering gold from such ores is described m the 
section on the Treatment of Com/jlex Ores.” 

Examples of the practice in treating silver ores in plants in North 
America are brought together in the section, on silver. The refractoriness 
of manganese silver ores and the special methods required for treating 
them are discussed. 


GOLD 

Simple Ores 

Benguet Consolidated. —At Benguet, Philippine Islands, the 
Benguet Consolidated Mining Company (see Fig. 82) is milling 
750 tons ore daily by the following proeess, as described by A. F. 
Duggelby, consulting engineer, in February, 1935, and as 
described in the paper presented at the February, 1936, meet¬ 
ing of the A.I.M.E. in New York by J. M. Morris, mill 
superintendent. 

The ore consists of quartz, andesite, altered diorite, iron oxide 
and sulphide and clay, averaging about oz. gold and oz. 
silver per ton. Coarse crushing is done in a jaw crusher and 
a Symons cone crusher, with an Allis-Chalmers producing 

267 
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^-in. mill feed. Following the primary crusher, which is set 
at 2^ in., is an Allis-Chalmers 6- by 10-ft. stone scrubber; 
100 tons slime daily from the scrubber is floated in six Kraut 
and two locally made cells, using 0.05 lb. reagent 301 and 0.2 lb. 
pine oil plus sufficient sulphuric acid to maintain a pH of 6.6 to 
6.8. Concentrates from flotation are sent to the secondary 
grinders, there joining the mill pulp for cyanidation. 

First-stage fine grinding is done in two Allis-Chalmers 5- by 
5-ft. ball mills and one Williamson 7- by 5-ft ball mill in closed 
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Fiu. 82.—Benguet Consolidated, the oldest and largest gold property in the 
Philippine Islands. 

circuit with two 43^'-ft.-wide Dorr classifiers. Secondary- 
stage grinding is done in three mills, a 7- by 5-ft. Williamson, a 
6- by 8-ft. Dewco and a 6- by 10-ft. Dewco Peb mill in closed 
circuit with a 6-ft.-wide Dorr FX classifier and a 16-ft. diameter 
Dorr bowl classifier. A screen analysis of the final classifier 
overflow shows 8 per cent plus 100 mesh, 20 per cent plus 150 
mesh and 34 per cent plus 200 mesh cumulative. 

Slime treatment consists of thickening to 60 per cent moisture 
in eleven 30- by 12-ft. Dorr thickeners, agitating in nine Dorr 
30- and 20-ft. agitators for 48 hr., using 800 cu. ft. air per min. and 
filtering on four 12- by 18-ft. Oliver machines, cake of which 
carries 29 per cent moisture. 
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Consumption of cyanide is 0.95 lb., lime 7 lb. and zinc 0.105 lb. 
per ton ore treated. Cyanide is added to the first-stage ball 
mills. The loss of dissolved gold in the residue is 3.5 cts. per ton, 
and the loss of undissolved gold is 80 cts.; the loss of silver is 
4 cts. Recovery approximates 90 per cent. The gold-zinc 
precipitate is melted without acid treatment, being fluxed with 
28 per cent borax, 30 per cent silica, 22 per cent soda ash, 12 
per cent hematite and 8 per cent manganese dioxid(\ 

The main feature of this plant is the washing out of clayey 
material and floating the mineral from the slime, thus eliminating 
this troublesome constituent and considerably increasing the 
capacity of the plant. 

A summary of the milling operation and benefits derived from 
the flotation of the primary slime may be stated as follows: 

1. Total plant increased from 500 to 750 tons per day, with no increase 
in tank capacity in the cyanide unit. 

2. Froth less than on the 500-t-on basis with no slime losses through 
frothing. 

3. Filter-cover life almost doubled. 

4. Solution-pump life quadrupled. 

5. Milling costs reduced 26 per cent over the previous 18 months. 

6. The capital cost of increasing the plant from 500 to 750 tons per day 
with flotation was only slightly more than one-fourth of the cost of increasing 
the all-cyanide plant from 300 to 500 tons. 

Big Jim (Oatman, Ariz.).—The countercurrent decantation 
plant of the Big Jim mine, flow-sheet of which is shown in Fig. 
50, recovers 97 per cent of the gold in the ore, according to C. H. 
Johnson, in /.C. 6824, f7. S, B. of M., 1935. 

The ore contains no sulphides and is hard and tough, consist¬ 
ing of, roughly, equal proportions of quartz and calcite, with 
small amounts of andesite wall rock. Gold is so finely dissemi¬ 
nated in the quartz that unusually fine grinding is required to 
prepare it for cyanidation. The clay material in some of the ore, 
in addition to the tendency of the calcite to slime, makes the pulp 
difficult to settle, so that the settling area available is the limiting 
factor in the capacity of the mill. 

Overflow from the Dorr classifier contains 15 per cent solids, 
80 per cent of which is minus 200 mesh. The fine grinding is in 
cyanide solution, which accounts for about half the gold dis¬ 
solution. The pulp is settled in a 24- by 8-ft. Dorr thickener, 



260 CYANIDATION AND CONCENTRATION OF ORES 

and the discharge, containing 40 per cent solids, is delivered 
through a diaphragm pump to the first of a series of three Dorr 
agitators, one 19 by 14 ft. and two 13 by 14 ft. About 95 per 
cent of the gold is in solution by the time that the pulp leaves 
agitator 3. The treatment from this point is shown by the flow¬ 
sheet. Thickeners 2 to 6 are 15 ft. in diameter by 10 ft. deep, 
and their discharge is 50 per cent solids. 

The precious-metal ratio of silver and gold is 1 to 2, and the 
bullion bars are 300 fine in silver and 640 fine in gold. 

Chemical consumption per ton of ore is % to 1 lb. sodium 
cyanide, 3 to 4 lb. lime, 1 oz. lead acetate and 0.16 lb. zinc dust. 
Water costs 30 cts. per 1000 gal. Direct labor cost is 80 cts. 
per ton, and total milling and cyaniding costs $2.44, including 
61 cts. for rental of the mill. 

Carson Hill. —This mill, at Mclones, Calif., was described by 
J. A. Burgess in E. and M. March, 1935. 

The ore consists of wide? bodi(‘s of mineralized schist averaging 
$2 or more. The treatment used is shown in Fig. 83a and 6. 
The mill at present is handling 665 tons per day. 

The ore is ground l)y thirty 1250-lb. stamps and three Hardinge 
pebble mills, two 8 ft. by 30 in., and one 8ft.by 22 in. The stamps 
are fitted with y 2 ^in. screens and the pebble mills are run in op)en 
circuit. The largest particles discharged from the mill are said 
to be 0.1 in. A gravity concentrate is made, the tails sent to 
cyanidation and the concentrate regrouiid and amalgamated 
before going also to cyanidation. About 50 per cent of the gold 
is recovered by amalgamation in the stamp mill, and further 
38 per cent is extracted in the cyanide plant. The average con¬ 
centrate, before regrinding, assays $30 to $40 per ton. This is 
reduced to $10 to $20 before cyanidation. 

Cyanide solution is carried at 0.4 lb. per ton. Milling costs 
are given as 56 cts. per ton, and over-all costs, including mining, 
milling, overhead, taxes and a proportionate charge for new 
machinery, are about $2 per ton. Only the higher price of gold 
makes it possible to operate this property at a profit. 

Day Dawn. —Near Wau, New Guinea, the Day Dawn (New 
Guinea), Ltd., has a 100-ton cyanidation plant treating a friable, 
gold- and silver-bearing quartz containing oxides of manganese. 
Two Empire ball mills can crush 65 tons per day. The flow-sheet 
shown in Fig. 84 is reproduced from C,E, and M,R,j June, 1934, 
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The Dentonia minei Greenwood, British Columbia, according 
to W. Holdsworth in a paper presented in 1935 at the annual 
meeting of the B. C. Division of C./.M. and M. and published 
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plant treats 110 tons a day. A 6-ft. by 48-in. Hardinge ball 
mill, in closed circuit with a 36-in. Akins classifier rotating at 
6 r.p.m., produces 55 per cent through 200 mesh with a circulating 
load of 220 per cent. It is essential that the ore be not over¬ 
ground, for if it is too fine the losses increase. Aerofioat 31, 




Fio. 83h.—Flow-shoet of cyanide plant, Carson Hill. 


reagent 301 and soda ash are added to the ball* mill, and the first 
two again at the Denver, Sub-A flotation machines each of 
which has six cells. Pine oil is fed at the head of the middling 
cells. 

Oxidized ore distorts results from time to time, but ordinarily 
the recovery is 90 per cent and the ratio of concentration 30 to 1. 
Concentrates assay 65 oz. gold and 45 oz. silver. They are 
drained in 50-ton tanks having an ordinary filter bottom and are 
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then shipped by rail to a smelter. It costs $1.35 per ton to treat 
the ore as described. 

Golden Chariot Treatment. —After being idle for half a century, 
the Golden Chariot group of seven mines, near Silver City, 



C/ean-j/p 

Fio. 84.—Flow-sheet of Day Dawn plant, New Guinea. 


Idaho, has been provided with a 100-ton plant, as described by 
R. S. McClellan in M. and M., November, 1934. The ore is 
quartz in granite, the gold is free and the silver appears as several 
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different sulphides. Freshly mined ore and old fills are being 
treated. Some hand sorting is done. 

At present, the jaw crusher provides IJ^-in. feed for the 
Hardinge 6-ft. by 16-in. ball mill, but a second breaker will 
reduce this to in. Free gold is caught in a riffled launder and 
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Fio. 85.—Flow-sheet of the Golden Chariot mill, Idaho. 


on corduroy tables and copper plates. These recover 84 per cent 
of the total gold and 11 per cent of the silver. The ball-mill- 
classifier circuit produces 65 per cent of minus 200-mesh material. 
A Wilfiey sand pump is part of this circuit, and a Krogh pump 
is used for lifting the final pulp into a conditioning tank for 
flotation. Aerofloat 15 (0.1 lb. per ton) and xanthate (0.05 lb.) 
are added to the launder which discharges into the Krogh 
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pump. Conditioning takes 8 min. Pine oil (0.09 lb.) is added 
to the pulp as it enters the second cell of a 6-cell Fahrenwald 
flotation machine. The pH of the water is maintained at 8. 
The concentrates, assaying 16 oz. gold and 638 oz. silver, ar«} 
sent to a smelter in Utah. A Wilfley pilot table follows flotation 
and produces a concentrate assapng 0.4 oz. gold and 4 oz. silver. 
Flotation recovers 16 per cent of the total gold and 89 jjer cent 



Fia. 86o.—Flow-sheet of Golden Plateau plant, Queensland. (First seetion.) 

of the total silver. Milling cost is $1.64 per ton. Figure 85 
shows the flow-sheet of operations. 

Golden Plateau. —At Cracow, Queensland, Australia, the 
Golden Plateau Company operates a 100-ton plant treating a 
quartz ore carrying fine gold. Figures 86 a and 6, taken from C.E. 
and M.R., July, 1933, shows the flow of the ore pulp. Features 
of interest are the rolls which reduce 2-in. crusher discharge to 
in., the use of belt conveyors to return the screen oversize 
to the ball mill and the two sets of corduroy tables, one following 
the ball mill, the other following the tube mill. 
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Golden Queen Mill. —The Golden Queen, a new mill in the 
Mojave region of the Southwest, is typical of the present trend 
in cyanidation. 

Figure 88 shows the flow-sheet for treating about 325 to 250 
tons per day. Feed (minus in.) goes to a No. 67 Marcy mill 



in closed circuit with a 6-ft. Dorr duplex classifier. The overflow 
from this classifier goes to a similar grinding unit and the final 
grinding operation to 150 mesh is performed with a 67 Marcy 
mill in closed circuit with an 8- by 30- by 12-ft. diameter Dorr 
bowl classifier. 
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The primary 55-ft. Dorr thickener is followed by three 34- 
by 24-ft. Dorr agitators in series. Agitator discharge is washed 



I'kj S7 Golden Queen mine, Mojuve ('alif 



DorrfhtckcncrSS ' 



Flo. 88.—Flow-sheet, Golden Queen mine. 


in three 56-ft. Dorr thickeners in countercurrent decantation 
and is filtered on two 14- by 16-ft. Oliver filters. 

Merrill-Crowe precipitation is used. 
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Howey Treatment. —^After the nin-of-mine ore is sorted, and 
18 per cent of it rejected, as described in the chapter covering 
sorting, the crushing plant of the Howey mine. Red Lake, Ontario, 
makes a product of which 39 per cent is plus 2 mesh and 38 per 
cent is minus 2 plus 6 mesh. The ore consists of quartz with 
2J^ per cent pyrite, with gold averaging nearly $3 per ton. 
According to R. E. Sullivan in C.ilf.J., October, 1934, liberation 
of the gold is effected by grinding to 40 per cent through 200 mesh 
in two 8-ft. by 48-in. and one 8-ft. by 6-in. Hardinge mill loaded 
with 19 tons and 20 tons of 6-in. balls. Crushing is done in 
cyanide solution, maintained at 1.1 lb. KCN and 0.55 lb. lime. 
The consumption of cyanide is about lb. per ton. Ore dis¬ 
charge from the two mills is pumped by Wilfley sand pumps 
into two duplex Dorr classifiers, and that from the third mill 
into a 54-in. Akins classifier. The rake product from all classi¬ 
fiers is split—10 per cent returning to the ball mills and the 
remainder to a 5- by 16-ft. Allis-Chalmers tube mill. The grind¬ 
ing load is 13 tons of 2-in. balls. Lime is added to the ball- 
mill return circuit, and consumption is nearly 1 lb. per ton. 

All classifier ovcjrflow is divided into two treatment units, 
each made up of one Dorr tray thickener with diaphragm pump 
and five agitators in series. The thickener discharge has a 
dilution of 0.47 to 1. From the agitators the pulp passes to a 
surge tank, where it is kept in suspension by air and then filtert^d 
twice on American disc-type machines. Gold is precipitated on 
zinc dust using Merrill-Crowe equipment. Zinc consumption 
is 0.042 lb. per ton of ore. Treatment, excluding crushing, costs 
54 cts. per ton. 

Kolar, India. —Through John Taylor and Sons, managers, 
and a subcommittee of the chief reduction officers and chief 
cyanide chemists of the group of four plants operating at Kolar, 
state of Mysore, India, it is possible to give current treatment 
practice. (The detailed and excellent paper of R. H. Kendall 
and A. F. Hosking in BuL 242,1924, or in Proc, (Part 2) 
of the Empire Mining and Metallurgical Congress, London, 1925, 
may be remembered by metallurgists.) 

The Kolar group of mines is a remarkable one for depth 
attained (between 7000 and 8000 ft.), ore persistence, ore 
reserves, ore production (24,000,000), gold production (16,500,000 
fine oz.) and dividends (£22,900,000 or $110,000,000) to the 
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end of 1933. The ore of the four mines comes from the Champion 
lode or its branches and is free milling. The quartz is hard, and 
free gold is often seen. The average gold content in 1933 was 
8.5 dwt. Galena, pyrrhotite and pyrite are accessory minerals 
but rarely exceed 1 per cent. 

Using the Ooregum flow-sheet as approximating general 
practice we find the following: The coarse-crushing plant makes 
a ll^-in. product. This is done by a 13 4 -in. grizzly at the mine- 
shaft bin, a jaw crusher set at 2 in., another l^i-iii. grizzly 
and a gyratory crusher set at Ij^-in. All of the minus 13 ^-in. 
ore is trucked in ore cars and weighed before d(*livery to the mill 
ore bins. Between the crushers are two sorting belts from which 
6 to 16 per cc^nt of waste is removed. Some of ih(i n^ject serves 
tis tube-mill pebbles. 

During 1933 an average of 188 lu'ad of stamps was crushing 
31 of these at the Oon^gum. Scnnms with nine hoh’s p(*r square 
inch (3 mesh) are general. Approximately, then, the 13i-in. 
feed is reduced to in. In place of copper plat(\s in front 
of the mortar boxes, blanket tables are us(^d to catch gold and 
sulphides. 

The pulp is pumped by a 5-in. Allen centrifugal pump to a 
distributor, thence to two dewatering cones, th(‘ undc^rflow of 
which goes to a sump that feeds a 10-in. Allen centrifugal pump. 
The latter pumps the thickened pulp, also old dumi) sand which 
has been pulped near by, to a tube-mill distributor. From 
this, the pulp flows to four primary and four secondary cones, 
their underflow feeding four tube mills. All of the ore at 
Ooregum and the oth(?r plants is slimed, th(! final product being 
75 to 80 per cent through 200 mesh. (Formerly, two products— 
sand and slime—were made and treatc'd s('j)arat(?ly.) In the 
tube-mill circuit are 20 blanket machines fc^d by a distributor; 
these .save more gold and sulphides. All blankest conc('ntrates 
are crushed and amalgamated, and thcsgold retorted in the cus¬ 
tomary manner. 

Slime treatment con.si.sts of collecting and thickening in 
five cone-bottom tanks, pumping the thickened pulp first into 
four mechanical agitators for contact with cyanide and thence 
into a stock or surge tank. Filtration is a Butters-type filter 
installation the treatment cycle of which occupies 95 min. 
Residue is pulped and pumped to the dump. 
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Gold is precipitated from cyanide solutions on zinc shavings 
which are cut locally. Precipitation is practically complete. 

Mill products are sampled at 14 points, and solutions at six 
points. The current ore averages 8.5 dwt. per ton, and the 



Fio. 89.—Flow-sheet of Lava Cap mill, California. 


1. 100-toTi coarac-oro bin in headframe. 

2. 12- by 20-in. BInke-type jaw ernnher. 

3. 42- by lO-iii. Worthingtun spring rolls. 

4. 10-in. eonvpyor belts. 

6. 200-ton fine-ore biti. 

6. 30-in. traveling belt-feeder. 

7. Dry reagent feeder. 

8. 8- by 0-ft. Marry ball mill. 

0. Moael D Dorr rlaasifier. * 

JO. Ifl-in. screw oonveyor. 


11. 8^ by 8-ft. conditioner. 

12. Kraut flotation roughcrs. 
l.'l. Kraut flotation cleaners. 

14. 54- by 8-in. Frenier pumps. 
16. 18- by 10-ft. Dorr thickeners. 

16. 6- by 6-ft. Oliver filter. 

17. Concentrates storage. 

18. 8- by 10-ft. settling tank. 

19. Deister Plat-O table. 

20. Automatic samplers. 


residue 4.5 gr., equivalent to an extraction of 97.8 per cent, which 
has been maintained during the past 10 years. The cost is 52.5 
pence or 105 cts. per ton. During 1933, 659,000 tons of ore and 
499,000 tons of old tailings were treated in the four plants— 
Champion Reef, Mysore, Nundydroog and Ooregum. The 
consumption of cyanide is about lb. per ton ore. 
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Lava Cap Treatment.— The flow-sheet of the 300-ton Lava 
Cap mill, near Grass Valley, Calif., shown in Fig. 89, is from the 
article by J. W. Chandler in E, and M,J., August, 1934. Two 
veins lie in slate, one being mainly gold bearing and the other 
mainly silver bearing, which is unusual in this district. The ore 
consists of slate containing quartz stringers, with free gold 
finely disseminated through the quartz and in pyrite, arseno- 
pyrite and galena and silver as argentite associated with 
sphalerite. 

The crushing and grinding equipment shown produces a pulp 
73 per cent of which passes 100 mesh. A Denver unit flotation 
cell with cone classifier has been inserted in the ball-niill-classifier 
circuit. Copper sulphate, soda ash and sodium sulphide are 
added to the ball mill, the third reagent as a conditioner. Amyl 
and butyl xanthates and soluble starch are added to the rougher 
flotation machine, the starch to reduce excessive frothing. Pine 
oil is also added to the rougher machine. 

The concentration ratio is slightly over 10 to 1, and the 
recovery in May, 1934, was 90.5 per cent of the metal value. 
Concentrate is truck(^d to the smelter. 

London Mine. —Gold ore from the London mines, Alma, Park 
County, Colo., is tre»ated as follows, according to H. L. Tedrow, 
general superintendent: 

The ores come mainly from quartz veins l)etween porphyry 
walls. Of late some ore has been mined from veins in limestone. 
This ore differs greatly from that of the quartz veins, as it con¬ 
tains more sulphides. Some of the veins contain varying 
amounts of graphitic shale, and all the ores contain the common 
sulphides pyrite, marcasite, galena, sphalerite and chal(*.opyrite. 
The gold is contained in the galena and pyrite and occasionally 
occurs free. 

The ore is first w^ashed on a 1-in. screen. The oversize, after 
sorting for waste, is crushed in a Blake-type crusher and a 4-ft. 
S 3 rmons cone crusher to % in. The criLshed ore joins the under¬ 
size of the 1-in. screen, is sampled, weighed on a Merrick weightom- 
eter and delivered to a storage bin. The crushing-plant 
output is 170 tons per day in one 8-hr. shift and comprises 30 tons 
sorted waste and 140 tons mill ore. The mill ore is sent by aerial 
tram to the mill storage bins. The undersize of the 1-in. washing 
screen is dewatered in a drag classifier before it joins the crushed 
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ore. The classifier overflow enters the mill feed by pipe line 
and goes to a Dorr thickener which likewise serves as a surge 
tank. 

Grinding is done by a 6- by 6-ft. Marcy ball mill in closed 
circuit with a Dorr classifier. The overflow is 4 per cent plus 
65 mesh and is the feed to the flotation section. The ball mill 
is equipped with a Weinig spiral screen with 10-mesh wire-screen 
cloth on the discharge end. The undersize of this screen goes to 
a Denver 500 Sub-A unit flotation cell whi(;h makes a finished 
concentrate and a tailing which goes to a No. 6 Wilfley table 
equipped with a Weinig wedge. A coarse pyrite concentrate 
containing much of the free gold is cut from this table and is 
dewatered and fed to the filter by a drag classifier. The tailing 
of the Wilfley table joins the oversize from the 10-mesh screen 
and goes to a 14-in. bucket elevator and thence to the Dorr 
classifier. Concentration at this i)oint has as its purpose the 
quickest recovery of as much as possibles of the free gold. 

The overflow of the Dorr classifier enters the second cell of a 
10-cell Hibbard flotation machine. A rougher concentrate 
is made which is pumixHl to a No. 1 c(‘ll for cleaning. The last 
three or four cells are usually nm as a sc^avenger unit, and the 
concentrate made goes into a return circuit. Th(‘ reagents vary 
considerably, but an average would be 0.67 lb. pine oil, 0.816 lb. 
Z-6 xanthate, 1.18 lb. fuel oil to depress the shale and occasionally 
0.08 lb. sodium sulphide. 

The tailing from the flotation section goes to a No. 6 Wilfley 
table. A coarse middling product is cut from this table and 
joins the concentrate from the scavenger cells to make a return 
circuit. This goes to a drag classifier, the overflow of which (all 
through 100 mesh) joins the flotation feed, and the dewatered 
sand discharge returns to the ball mill for regrinding. The 
flotation concentrate is thickened in a Dorr thickener and pumped 
to a 4- by 2-ft. Dorreo filter where it joins the table concentrates 
before filtration. 

Particular attention is paid to maintaining an even rate of 
feed to the ball mill and correct densities at the classifier and 
ball-mill discharge. The plant makes a recovery of 96 per cent 
of the gold. 

Concentrates are trucked to the Arkansas Valley smelter at 
Leadville. 
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Mother Lode op California 

The Mother Lode of California stretches along a distance of 
100 miles of the foothill country of five counties. In general, 
the country rock consists of greenstone and slate. In places 
there is considerable carbonaceous schist. Gold occurs Iwth 
coarse and fine in quartz veins and in the enclosing slates. 
In the quartz and slate is about 2 per cent of sulphidf‘s, mostly 
pyrite, with Diinor amounts of pyrrhotite, arsenopyrite, galena 
and others. At least two-thirds of the gold is ainalgamable, the 
remainder being in the sulpliides. For the California gold issue 
of E. and. M.J., November, 1934, J. B. Huttl reviews mining and 
ore treatment along the Mother Lode, and the tabulation shown 
on page 274 has been compiknl tln^rc^from. 

This summary r(»veals a variety of processes for an ore of 
approxiinatcily similar composition throughout. Grinding to 
minus 80 to 100 mesh is fine enough for this ore. 

Ore Treatment in Northern Ontario 

Types of Ore Deposits. —The second (edition, 1924, of Ontario 
Gold Deposits, Their Character, Distribution, ami Productiveness, 
by P. E. Hopkins, of the Provincial Department of Min(‘S, shows 
24 lode gold areas, all in Pre-Cambrian ro(*ks. To th(^ end of 
1934 these have produced 25,240,000 oz. gold. TIk^ pyritc^-gold- 
quartz type of deposit, in which pyrite is predominant, is the 
most common and most productive. It is repres(*nted by the 
Porcupine deposits. The gold-telluride veins, charact(jrized by 
the presence of tellurides, as at Kirkland Lake, are another 
prominent type of deposit. 

Kirkland Lake Ore and Its Treatment. —Ore from the minces 
of Kirkland Lake may be generalized as a silicified altered 
porphyry containing gold free and in pyrite, tellurides (prin¬ 
cipally altaite, a nonauriferous load mineral), chalcopyrite and 
other important minerals. Some of the gold exists as a telluride, 
but Kirkland Lake ore as a whole is not a telluride ore, although 
some from the Lake Shore mine is considered as such. The 
tellurides are found throughout the ore zone and average less than 
0.1 per cent. Pyrite amounts to 2 per cent or less. The ore is 
hard and requires fine grinding to liberate the gold. Gold extrac¬ 
tion will average 95 per cent at a cost of around J1 per ton. 
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Details of treatment will be found under other heads in this book. 
The Kirkland Lake Gold Area, by E. W. Todd, Vol. 36, Part II, 


Summary of Ore Treatment on the Mother Lode 


Name 

Place 

Capainty, 
tons 
per day 

Flow-sheet 

Spanish. 

Washington 

80 to 00 

Jaw crusher; Hardinge ball mill and Dorr 
classifier; cyunidation in agitator, 

Hardinge thickeners, Oliver filters and 
Merrill-Crowe precipitation 

Beel>e. 

Georgetown 

400 

Hardinge-Hadsel gravity mills and Dorr 
classifiers to 80 mesh; fiotatioii in Kraut 
machines; concentrates ground and cya- 
nided; precipitation on sine dust 

Sliger. 

Georgetown 

100 

Stamps replaced by Symons eonc-crusher; 
ball mill; flotation in Kraut machines; 
concentrates to smelter 

Gold Rt?B<?rve. 

Shingle Springs 

12& 

Traylor gsrratory crusher; Traylor ball 
mill and Dorr clussifier to 100 mesh; cya- 
uidatiou; precipitation in Merrill-Crowe 
bag-typi5 unit 

Montesuma. 

Ply mouth-A pex 

260 

Marcy hall mills and Dorr classifiers with 
hydraulic traps in circuit; corduroy; 
Booth-Thorn peon flotation machines; tail¬ 
ings to waste, concentrate to smelter 

Argonaut. 

Jackson 

250 

Jaw crusher; 60 stamps; amalgamation in 
boxes and plates; Johnson or Frue 
vanners; tube mills; shaking amalgamat¬ 
ing plates; Deist«r and Wilfley tables; 
tailings to customs cyanidation, concen¬ 
trates to customs plant 

Boston. 

Jackson 

160 

Ball mill and Dorr classifier; modified 
Forrester flotation unit; Oliver filter 

Kennedy. 

Jackson 

160 

Thirty stamps; amalgamation; tube mills; 
flotation 

Carson Hill. 

Melones 

700 

(f2to$3) 

Jaw crushers; 30 stamps; amalgamation 
and hydraulic traps; Deister tables; con¬ 
centrate over shaking amalgamating 
plates; pulp to Hardinge tube mills and 
Dorr classifiers, then over Wilfley table; 
tailings divided into sand and slime and 
cyanided, middlings ground in Hardinge 
tube mill, concentrates to amalgamating 
barrel; sine-dust precipitation 

Columbus. 

Tuolumne 

36 

Ten stamps; Deleter table; Fagergren 
flotation machine 

Pine Tree-Josephine 

Bagby 

100 

Jaw crusher; Hardinge ball mill and 
classifier; Kraut flotation machine; 12-os. 
concentrate to smelter 


1928, of the Ontario Department of Mines, gives details of the 
ore deposits. 
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The accompanying typical analysis of ore from the Wright- 
Hargreaves mine is given by H. V. Wallace, Malcolm Black and 
Hector Farah in Bui. CJ.M. a7id M., February, 1935. 


Analysis of WaiaHT-HARGREAVKS Ore 


Constituent 

Per Cent 

Cu. 

. 0.013 

FeSa. 

. 1.780 

A1,0.. 

. 1 200 

CaOOs. 

. 2.630 

MgO. 

. 1.479 

Te \ 


Pb f 

. 0 480 

Mn( 


Mo/ 


Insoluble. 

. 92.520 

Au per ton at $20.67 per oz . 

. $13 to $14 

Ag. 



Crushing .—Kirkland Lake coarse crushing is not so finc^ as the 
average at Timmins, Schumacher and South Porcupine. Cone 
crushers and screens are commonly used. At Teck-Hughes the 
mill feed is 54 Rolls apparently are not jiopular, with 
Wright-Hargreaves the only user. In the Porcupine plants rolls 
make an even product. 

Milling and Grinding .—^All agree that Kirkland Lake ore 
requires fine grinding to liberate or expose the gold for cyanida- 
tion or flotation; henc(5, w^e note that practically every particle 
passes 200 mesh. Sieve sizes are discussed as minus 325 mesh or 
as microns. Finer grinding is contemplated. The ore is much 
harder than that in the Porcupine area. 

All primary grinding is done in cyanide solution in Allis- 
Chalmers ball mills and in Marcy rod mills in closed circuit with 
Dorr classifiers, and secondary grinding in Allis-Chalmers tubci 
mills in closed circuit with bowl and with rake classifiers. Ball 
consumption in the ball mills ranges from 1.9 to 5 lb. per ton, 
which is much heavier than at Timmins. Balls of cast iron and 
of forged steel from old rails are used. 

Classification is by Dorr classifiers—single-stage and bowl 
types. Some of these carry a circulating load of 3 or 4 to 1, 
and the largest size is returning 7 to 1. 

Sulphides .—The quantity and character of the sulphides vary 
in the same mine and in the different mines. Teck-Hughes has 
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SUUMABT OF ObE TREATMENT IN KiRKLAND LaKE DISTRICT 


Operation 

Lake Shore 

Teck-Hughes 

Wright-Hargreaves 

Ore milled daily, 





2300 

1270 

1000 

Coarse crushing . . . 

Jaw crushers to 0 in.; 

Jaw crushers, screens 

Jaw crusher, screens. 


(!une crushers to IH 
and to >4 in., with 

and cone crushers 

cone crusher, rolls 


screens 



Horting 

Sise of feed to mills. 

15 % on in. 

in. 

2 % on ^8 in. 

Milling: 




1st stage. 

Rail mills using cya- 

Hod mills using eya- 

Ball mills using cya- 


nide solution, in 

Hide solution, partly 

nide solution in 


closed circuit with 

in closed eirciiit with 

closed circuit with 


clnssificrH 

classifier 

(dassifiers 



Tube tiiillH taking part 
of rod-niill classifier 



circuit with buw'l 

circuit with bowl 


clussifiers 

rake prodiiet and in 
closed eireuit with 
bowl elasBifier 

classifiers 

iSise of final product. 

1 % on 200 mesh; 

13^ % on 200 mesh; 

99 p<T cent 200 mesh, 


HO % t hrough 325 

82 to 84 % through 

80 per ceuit 325 mesh 


rmwh 

,325 mesh 


Sulphide huiidliiig. . 

Floated after cyani- 

None 

Floated after eyaiiidu- 


dation of hulk ore, 


tion of hulk ore. 


ground and cyanided 


ground and returned 


s<‘para tel y 


to main cyanide 
circuit 

'rhi(;keiiiug. 

Tray thickciu^rs fol¬ 

\ 

Suction thickeners 


lowing 1st and 2d 
M'ries of agitators 

Two stages of thick-1 
ening after agita-f 




tion 1 


Agitating. 

Three pt^riods prior to 
first filtering, then 

Two stages of agita-/ 

.Agitators in series fol¬ 
lowing thickeners. 


tion, followed l>yl 
thickening 1 


again before second 

also single agitator 


filtering 

/ 

between filters 

Filtering. 

Primary filters, disc; 

Two stages of filter¬ 

Two stages of drum 



secondary filters. 

ing on disc machines 

filters with agitator 


drum 


between 

Agitation hmira he- 

fore Hotiition. 

Agitation hours of 

19 

23 

21 

concentrate. 



85 

('hemiciil consump¬ 



tion, pounds |M>r 
ton: 

Cyanide. 

0.7 

1.38 

j 

0.497 

la ad salts. 

2.25 (litharge) 

Lime. 

3 5 

4.49 

0.059 (08.) 

Zinc dust 

2.814 

0 096 

Zinc dust 

Zinc. 

i 0.00 

Precipitation. 

j Zinc dust 

Recovery, per cent. . 

95 + 

94 + 

96 + 

Cost, cents per ton. . 

tl + 

j 96 

S1 + 
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sulphides and tellurides yet employs straight cyanidation. 
Lake Shore floats after bulk cyanidation and cyanides the sul¬ 
phide concentrate after regrinding; Wright-Hargreaves also 
floats after cyanidation but after special cyanidation n^turns the 
sulphide tailing to the bulk-cyanide circuit. 

Slime Treatment .—Two stages of thickening and agitating (or 
agitating and thickening) and filtering are general. Lake Shore 
a^tates three times. Compressed air aids agitation and .aeration 
of the pulp. The pulp filters easily on American disc and Oliver 
drum machines. 

Precipitation .—Clarification and deaeration of pregnant solu¬ 
tions and precipitation of the gold on zinc dust are gcaieral and 
satisfactory. The cleanup and melting follov standard practice. 

Heating Solutions .—Solutions are heated to temperatures 
between 80 and 90°F. to increase extraction. 

Note. —Milling practice has been unclergoing rapid changes in this 
district in the last few years. Unless otlierwise notiul, the flow-sheiMs and 
data given in the following pages are us of about Jan. 1, 1935. 

Lake Shore Mill .—The Lake Shoni mill, the largest in the 
Kirkland Lake district, was originally an “all-sliming’^ straight- 
cyanidation plant but for a period running through 1934 added 
flotation to cyanidation tailing with separate additional cyanide 
treatment of the concentrate. As a result of experirruaital and 
re.search work beginning in 1933 and running through 1935, 
flotation and separate treatment of th(i sulphid(‘s were discon¬ 
tinued. At the beginning of 1936 straight cyanidation with 
improved chemical treatment was established and rendered 
combined cyanidation and flotation unnecessary. Finer grinding 
and increased time of agitations also have b(»en proved desirable. 
According to A. L. Blomfield, managing director, flotation tests 
are being conducted with the sole object of floating sulphides 
enclosing gold which can be treated as far as now known only by 
roasting and recyanidation. 

The results of the experimental and research work carried out 
at Lake Shore including detailed descriptions of methods used, 
test data and the new 1936 flow-sheet are fully described in a 
paper “ Milling Investigations into the Ore as Occurring at the 
Lake Shore Mine” by the staff and published by the Canadian 
Institute of Mining and Metallurgy, 1936. The new flow-shet*.t 
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is essentially the same when using the combined treatment as 
with the elimination of flotation and the concentrate retreatment 
section. 

The following description, written in December, 1934, covers 
the combined treatment plant then operated at a capacity of 
about 2300 tons per day. (For flow-sheets see Figs. 91, 92, 93.) 

Primary crushing is done underground by three 24- by 36-in. 
Traylor jaw breakers set at 6 in. Two Syinoius gyratory 

crushers and two 5}^-ft. Symons shorthead crushers set at 
in. complete the crushing. Niagara screens are used iii a 
closed-circuit arrangement as shown in Fig. 91. 


2300/0/73 

3 Tro^/or crasners 24x30“CGin) 

23^/770/13 ^rafory^ushers Si *C/ih} 

N/a^ara sc/^/is&xfi V 

Unde/rsi^ 

2 3^/770/13 s/to^ /lead ervshers 

-j/M/dfised 

Fio. 91.—Flow-sheet, Lake Shore crushinK plant. 


Primary grinding in cyanide solution is carried out in seven 
7- by 6-ft. Allis-Chalmers ball mills, using 4-in. balls and man¬ 
ganese liners in closed circuit with seven 4-ft. by 18-ft. 4-in. 
simplex Dorr classifiers, the overflow of which is approximately 
20 mesh. 

The primary classifier overflow joins the tube-mill discharge 
and is pumped to eleven bowl classifiers in closed circuit with 
eleven 5- by 16-ft. Allis-Chalmers tube mills. Five of these 
classifiers have 16-ft. diameter bowls with an 8-ft. rake width, 
and six have 15-ft. diameter bowls with a 6-ft. rake width. 
Manganese-steel balls IJ^-in. in size are used in the tube mills. 
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Ball consumption for the ball-and-tube mills is about 4.5 lb. per 
ton feed. 

Over-all grind is about 1 per cent plus 200 rnesh and 80 per cent 
minus 325 mesh, and extraction during grinding is about 80 
per cent. 


Q^nide residue. 



FiCf. 92.—Lake Shore flotation plant flow-sheet. 


The Dorr bowl-classifier overflow- at about 10 per cent solids 
goes to two 30-ft. diameter by 24-ft. deep Dorr agitators, then 
to four 50-ft. diameter by 12-ft. deep Dorr balanced-tray thick¬ 
eners. The overflow from these thickeners is precipitate^d, and 
the underflow is agitated vriih barren solution in seven 24- by 
24-ft. Dorr agitators and three 30- by 24-ft. agitators. The pulp 
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is thickened in two 50- by 12-ft. Dorr tray thickeners and four 
40- by 14-ft. Dorr tray thickeners. Overflow is used as grinding 
solution, and tlie underflow at 42 per cent solids goes to tertiary 
agitation in two 24- by 24-ft. Dorr thiekeners. Primary filtra¬ 
tion is carried out in eight 10- by 8-ft. American disc filters; the 


7A///S'C/?a//r?£ /s balimfl/s 7x6 * 


7Dorrsimp/e xc/asslftens 

DQorrbotv/chss/f/ers 6 j(30x/S* 
(^Dor rdotv/cJbss/f/crs SxS/~Ctx/0! 


2Dorro^i7afors30x24 * 
4.Dorrf/vu f/j/c^encrsMr^' 

7Dorra(^ihio/B 24r24*^ 
SDorra^iMons30x24* 

2 Dorr thickeners S0xl2 ' 

4- Dorr fh/ckenens 40xi4 ' 

2Dorr aa ifafors 24x ^4' 

SAmencanfi/fers /O x 6 ’ | 


IIAI/f5~C/7a/mcr 3 fubcmi/lfix/^ 


Or^rf/otv 

3/4ern// p resses 47x42' 

cyanide 

Croive l/acuum 


Barren 

so/u/ton 


7 5hr/yer presses 30x3/2 


3 Oliverfiliers I4xf4‘ Su/furic f^cf 

Ssp^p<f^ 

Flofafioh feed 

Fig. 93.—Lake Shore cyanidation eirruit. 


cake is repulped in barren solution, and two 24- by 24-ft. Dorr 
agitators serve as surge tanks before the secondary filtration; 
with eight 14- by 14-ft. Oliver filters. The cake is washed with 
barren solution and water. 

The secondary filter cake is repulped, and sufficient concen¬ 
trated sulphuric acid (3.8 lb. per ton) is added to give a pH of 
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about 8.5. This is the flotation feed. The acid is added to 
neutralize the depressing effect of combined lime and cyanide on 
gold-carrying sulphides. Kraut and Denver Sub-A flotation 
machines are used as shown in the flow-sheet. One series of 4 
Fagergren cells are used. 

Reagents used are No. 301, 0.18 lb. per ton; pine oil, 0.06 lb. 
per ton. 

The cleaner concentrate is thickened in a 28- by 12-ft. Dorr 
thickener and then filtered on an 8- by 6-ft. Oliver filter with 
warm-water wash. 

The concentrates and lime are mixed with cyanide solution in a 
3-ft. 4-in. by 3-ft. ball mill in open circuit and agitated in a 14- 
by 14-ft. Turbo agitator, a 16- by 16-ft. Dorr agitator with an 
additional Wallace impeller and a 28- by 12-ft. agitator with 
Wallace impeller. The pulp is then given two stages of C.C.D. 
in two 28- by 12-ft. Dorr thickeners with two similar 16- by 16-ft. 
and 28- by 12-ft. agitators between. The final thickener is 
followed by another 16- by 16-ft. agitator and a 14- by 14-ft. 
Oliver filter. 

Reagent consumption in the mill is reported as follows: 


CaHHol NaCN. 0.06 lb. per ton ore 

Aer(»(^yanidf. 0.64 lb. per ion ore 

CaO. 3.51b. per ton ore 

P(W). t^-lb. per ton to crusher product 

2-lb. per ton concentrate 

Zinc dust. 0.0133 lb. per ton solution. 


See chapter on costs for detailed milling costs with the new 
1936 single-treatment flow-sheet. 

Macassa Mill ,—The mill of the Macassa Mines, Ltd., 
started operations on Oct. 13,1933, and reached its rated capacity 
of 200 tons per day in April, 1934. The treatment process 
comprises bulk cyanidation, flotation of the cyanide residue and 
cyanidation of the flotation concentrate. The details of the 
Macassa operation, given herewith, are from the paper by 
H. B. Megill in Bui, C,I,M, and M,, September, 1935, and from 
information received direct. 

A Ross feeder delivers mine ore to a sloping IJ^-in. bar grizzly, 
the oversize passing to a 24 by 15-in. jaw crusher set at IJ^-in. 
opening. The crusher product and the grizzly undersize are 
conveyed to a 3- by 6-ft. vibrating screen with 3^^- by IJ^-in. 








TREATMENT OF SIMPLE AND COMPLEX ORES 283 


apertures. The oversize, after passing through a No. 7 Newhouse 
crusher, joins the screen undersize and is conveyed to the 225-ton 
fine-ore bin in the mill. 

The ore, reduced to }4 in., is fed to a 7-ft. by 6-ft. 6-in. Allis- 
Chalmers ball mill operating at 241^ r.p.m. in closed circuit with a 

Mine ore 



Jatvcrt/ener24x IS' 


A-C Fibratinascrrfen 3x6' 

\ 

Nexfho<jse^cnjsher*7 

T , 

A-C Bat!mill 7x(x-6’ 


Dorr c/oss/f/cr 4x2/-S* 

I 

Dorr d on// c/ass/f/er O'xPOxKS* 
A<5a//rn/I/ Zi 


To thf<:kstm(s 

Fig. 94(a).—Flow-sheet, Macassa mill. 

4- by 21%-ft. S. S. F. Dorr classifier set at a 3-in. slope and 
making 23 r.p.m. 

The 28-mesh overflow from the primary classifier flows over a 
chip screen to a sump tank from which it is elevated by a 5-in. 
Allis-Chalmers rubber-lined pump to the secondary grinding 
circuit made up of a 7- by 6.5-ft. Allis-Chalmers ball mill, oper¬ 
ating at 24J^ r.p.m. in closed circuit with an 8- by 30- by 16-ft. 
Dorr bowl classifier in which the pulp is reduced to 85 per cent 
through 325 mesh and only 1 or 2 per cent on 200 mesh. 
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The ball load is 25,400 lb. 4-in. cast balls in the primary and 
24,800 lb. balls in the secondary circuit. The density 

in the primary mill is 77 per cent solids, and in the secondary 
mill 73 per cent solids. 

Solution from mill storage is fed into the circuit at both ball 
mills and at each classifier. Solid sodium cyanide is added to 


f/7f/vL fa 
mill^t<i£3gs 


Jails. 


Fnam botv/ctossifisc 
2 '* orrtm^ Sickeners 24x/4' 

2 Dorrotj ifofora tQx/S' 

Overf/oiyio 

O/Jt^ ft/Mr (4x 14 precipitafion 

I aasLcnillslsms 

Qeoi^per 

Dorrap i^for tdxfS^ 

^1 T Soda aah and 

Ceotj/oer Sopp<i'' avdafe 

Qenver conditioner&xS' 

e Dewer 

Dorr trap tt^ckener/Oxa ' 

fiHscAxS Waior and lime 


rreshc^ide 

sohfion Denver cor^iHonerSxQ ' LUtlSUgS. 


L_. 


3Deni/ffr o^ itafors /2^6' 


Fiii. 1)4(/)).- Flow-8hcK‘t, Mum88a mill. 


the overflow from the primary classifier. (0.5 lb. NaCN per ton 
solution.) 

The overflow from the bowl classifi(*r passes over a chip screen 
and then is fed to two 24- by 14-ft. Dorr tray thickeners. The 
overflow from these thickeners goes partly to the precipitation 
circuit and partly to the mill solution sump. The overflow 
from the thickeners is delivered by two duplex Dorreo pumps to 
two 16- by 16-ft. Dorr agitators in series. 
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After 22 hr. agitation the slime is filtered on a 14- by 14-ft. 
Oliver filter, the filtrate going to the mill solution storage, and the 
cake successively through a repulper and air lift to a 16- by 
16-ft. Dorr agitator. The pulp from this agitator goes to a 
second Oliver filter, the filtrate being pumped with the other 
filtrate to mill solution storage. Tlu^ cake from the* second 
Oliver filter passes to a repulper in which are added soda ash and 
copper sulphate, the former to throw down all excess Hme as 
CaCOs to avoid depressing the pyrite. Tlu' pulp at 2 to 1 dcuisity 
is delivered to an 8- l)y 8-ft. Denver conditiom*!* in which potfis- 
sium ethyl xanthate is added and is then ad\\‘in(*ed to a siX“(*ell 
Fahrenwald flotation matdiine, the first four r-lls of which make 
3 tons concentrate per 24 hr. The concentniie from tlie last two 
cells is returned to the feed end of the flotation unit. The 
flotation tailing is sampled by an automatic samplcT and then 
passes outside to the tailing pond at a 2 t.o 1 density. 

As a preliminary to cyaniding, th(‘ flotation concentrate 
is delivered to a 10- by 8-ft. Dorr tray thickeiuT, the underflow 
from which is filtered on a 4- by 3-ft. Dcuiver filter. The filter 
cake at 25 to 30 p(*r (Huit is dtdivennl to an 8- by 8-ft. D(*nver con¬ 
ditioner wh(‘re water, slaked lime and sodium cyani(l(‘ are added. 

The overflow from th(» thick(aier and tla^ filtrat(» go to the 
tailing pond. Tlu' condition(‘d j)ulp is purnjXHl to three 12- by 
8-ft. Denver agitators where fresh cyanides solution is added. 
The discharge from tlie third agitator is pumi)cd to the 24- by 
14-ft. Dorr thi(;keners wh(»re it joins the main cyanide (‘ircuit. 

The Crowe method of zinc-dust pn^cipitation is us(‘d. 

The recovery is 95 per cent with milling costs of about $1.45 
per ton (1936). Mill heads run from $8 to $12 p(ir ton. (Gold 
at $20.67 per oz.) 

The consumption of reagents is shown in the tabh* on page 286. 

During August, 1936, Macassa will (complete the installation 
of an additional 26- by 12-ft, Dorr balan(;ed-tray thickener and 
another 16-ft. Dorr agitator which will permit increasing plant 
capacity to about 250 tons with 30 hr. agitation. It is also 
planned to increase grinding to 90 per cemt minus 325 mesh which 
may render flotation and separate concentrate treatment 
unnecessary. 

Teck-Hughes Mill .—The Teck-Hughes is next to the largest 
plant in the Kirkland Lake district of northern Ontario. It 
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operates on a straight cyanidation basis in two sections, one of 
which, completed in 1931, has a capacity of 1000 tons a day, and 
the other, built prior to 1926, a capacity of 270 tons a day. 

Mill Supplies 

Pounds per 
Ton Ore 


Sodium cyanide: 

Agitation. 0.411 

Concentrate treatment. 0.107 

Lime: 

Agitation. 2.152 

Concentrate treatment. 1.382 

Zinc dust. 0.106 

Lead nitrate. 0.005 

Muriatic acid. 0.180 

4-in. balls. 2.922 

l?^^-in. balls. 2.000 

Soda ash. 0.610 

Copper sulphat e. 0.150 

Ethyl xanthate. 0.150 

Alcohol, B23. 0.030 

B25 . 0.005 

Litharge. 0.010 

Gallons 

Miscellaneous: 

Pine oil. 0.001 


The description of this mill and the accompanying flow-sheet 
(see Fig. 95) are from an article by Herbert N. Read in C.M.J., 
December, 1931. 

Average run-of-mine ore consists of altered and silicified 
syenites, lamprophyre and porphyry with 10 to 20 per cent 
quartz and a small amount of vein minerals, such as sulphides, 
carbonates and tellurides, the last being characteristic of the 
district. The average proportion of sulphides, of which pyrite 
is the most common, is about 2 per cent. 

The ore is clean and practically devoid of clayey or colloidal 
matter. Gold occurs chiefly in the native form, associated 
with the sulphides and tellurides in minute particles. A small 
amount is present in the form of gold tellurides, calaverite and 
petzite. Four hundred-mesh grinding is required to free the 
gold, which is embedded in the quartz and silicified country rock. 
Mill heads average about $15 (1931) per ton. 
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Two crushing plants are used—^the older one at the central 
shaft and the newer one at the south shaft. 

At the central shaft, the ore is crushed underground by 
24- by 15 in. jaw crushers to an 8-in. ring and then hoisted to the 
surface in 2-ton skips. Surface crushing is done in another 
24- by 15-in. jaw crusher which delivers a 4-in. product to a 
No. 6 McCully crusher in circuit with Niagara vibrating screens, 
delivering a 1-in. product, via w'eightorneter, to the mill bins. 

At the south shaft, ore is hoisted, without previous crushing, 
to a steel bin on the surface, delivering 4-in. grizzly oversize to a 
pair of 24- by 15-in. jaw crushers, the first reducing to 8 and the 
second to 5 in. Crusher produ(^t and grizzly undersize pass to a 
%~in. Niagara screen, the oversize from which is reduced to 
^ in. by a Symons cone crusher and then combined with screen 
undersiz(\ The final ^"4-in. product then passes over a weightom- 
eter on its way to the mill bins. 

The three units of the 1000-tons new mill are practically the 
same, and, as may be seen in the accompanying flow-sheet, each 
of the three mill units has two comidete and identical grinding 
units. Therefore only one of the six grinding units will bo 
described. 

Cruslu^d or(‘ is reduced to a few per cent on 35 m(\sh by 4- by 
10-ft. Marcy rod mills in partial closed circuit with 3-ft. by 21-ft. 
8-in. Dorr classifiers. Classifier sands are split—40 per cent being 
returnc»d to the rod mill and 60 per cent going to the tube mill 
with the classifier overflow. 

Tube mills, 5- by 16 ft., in closed circuit with 6- by 30- by 
18-ft. diameter Dorr bowl classifiers complete the grinding. Bowl 
overflow, at 4 to 1 dilution and only a per cent or two on 200 mesh, 
is pumped to agitation. 

About 70 i)er cent of the gold Ls extracted in the grinding units. 
An appreciable concentration of values takes place in the bowl 
classifiers, sands assaying $17.03 and overflow $4.65 when 
milling $15 heads. As is characteristic of Kirkland Lake ores, 
the bulk of the values lies in the minus 325-mesh product, this 
constituent having at times been $44.45 per ton as against a $12 
a ton head and constituting over 40 per cent of the total value. 
(Gold at $20.67 per oz.) 

Bowl overflow receives about 5J 2 hr. treatment at 4 to 1 dilu¬ 
tion in a 32- by 10-ft. Dorr agitator. After thickening to about 
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59 per cent moisture in two 26- by 14-ft. Dorr tray thickeners, the 
pulp is pumped to four secondary agitators, 24 by 16 ft. arranged 
in tandem, and the overflow is sent to precipitation. Dilution 
during secondary agitation is 70 per cent moisture, due to the 
addition of barren solution to the thickeiK'r underflows. Between 
17 and 18 hr. treatment is given. 

Change of solution between primary and s(‘condary agitation 
permits extraction to proceed to the end of the agitatinu system 
and yields final tailings with dissolved losses as low as 2 (!ts. per 
ton. Extra air is added during agitation, bringing the total air 
consumption to 1.8 cu. ft. per ton. 

Pulp from the last of the secondary agitatoi> is pump(*d to two 
28- by 14-ft. Dorr tray thi(tk(‘ners from whicli the undcn-flow is 
pumped to storage agitators, prec('ding an 8-ft. 6-in., 11-disc 
American filter. Primary filter cake is repnlped with barren 
solution to 58 per cent moisture, pumpcxl to an air agitat(?d surge 
tank and thence to a sc^condary filter, duplicating the primary. 
Final filter cake is repulped with wat(^r and pumped to tailings 
disposal. 

Barren-solution wash is used on the primary filter. On the 
secondary filter, barren solution is us('(l on the first half and fresh 
water on the second half. Thickener overflow and s(‘Condary 
filtrate go to the grinding-solution n^turn tank. Primary 
filtrate is pumped to the primary-thickener overflow-solution 
tank and thence to precipitation. 

Pregnant solution from the primary thickeners and primary 
filters is pumped through Merrill central sluicing clarifying 
presses and thence to deaeration in a Crowe system. Zinc dust is 
fed by a standard Merrill feeder with an emulsifying cone. 
Precipitate is collected on standard Merrill presses. Precipita¬ 
tion is 3.4 tons solution per ton ore. 

Wet precipitate is mixed with an unusually heavy flux—50 lb. 
borax, 45 lb. manganese dioxide and 25 lb. silica sand to each 
100 lb. wet precipitate, containing 40 per cent moisture. Two 
hundred and fifty-pound charges of this fluxed precipitate are 
treated at a time in each of two Monarch “ RockwelF'-type 
oil-fired furnaces. 

Precipitate, on a dry basis, averages about 50 per cent bullion. 
Bullion, as shipped in bar form, has a fineness of 960, only 70 
of which is silver. 
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Aero brand cyanide—49.5 per cent NaCN—^is added dry to the 
tube-mill feed at the rate of 1.5 lb. per ton ore. Cyanide strength 
at the end of treatment is held at 1.2 b. KCN per ton solution. 

Lime, containing 90 per cent available CaO, is added at the 
primary crushers at the rate of 5 lb. per ton. This is equivalent 
to a solution strength of 1.2 lb. CaO per ton. 

Total extraction of gold, when treating $15 heads, averages 
94.07 per cent. The total duration of treatment is 31 hr. 

Toburn Gold Mines ,—The ore of the Toburn mine consists of 
porphyry, graywacke and quartz carrying about 0.57 oz. gold 
per ton. (Average heads, $12 at $20.67.) 

The mill has an actual capacity of 350 tons per 24 hr. but has 
been operating on a 100-ton basis. 

The mine ore is hand picked for steel and wood, and about 
13 per cent of feed is rejected as waste on a 30-in. sorting belt 
which feeds a Buchanan 12- by 20-in. jaw crusher set at 21^ in. 
The product of the crushe?r passes over a ?4-in. grizzly the over¬ 
size of which is fed to a 2-ft. Symons cone crusher set at % in. 

The finished crusher product to mill bins is minus in* 

The primary grinding is done in solution in a 6-ft. by 30-in. 
Hardinge ball mill, and the discharge passes to a 6-ft. by 25-ft. 
Dorr duplex classifier set at a slope of 2 in. per ft. and operating 
at 14 s.p.in. The rake product of the classifier is in closed circuit 
with a 5- by 20-ft. Allis-Chalmers tube mill. The overflow 
of the classifier passes to a 16- by 3-ft. Dorr hydroseparator, the 
underflow of which is returned to the grinding circuit and 
the overflow of which is thickened ahead of agitation. The 
hydroseparator overflow is all minus 200 mesh, 92 per cent minus 
325 mesh and 37.5 per cent minus 10 microns. 

The primary thickening is done in one 30- by 12-ft. Dorr 
thickener. Part of the overflow goes to precipitation, and part 
to the grinding circuit. The underflow at about 50 per cent 
moisture passes to three 16- by 12-ft. Dorr agitators in series 
where it Is diluted to 60 per cent moisture with barren solution. 
The pulp is further diluted to 67 per cent moisture in the third 
a^tator. It has a total of 24-hr. contact in the agitators. 

From the third agitator the pulp passes to the first of four 
28- by 12-ft. Dorr thickeners for C.C.D. washing. The last two 
decanting thickeners were recently converted to the balanced- 
tray type to increase settling capacity. Owing to lack of settling 
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Values and Hours of Treatmejit at Different Stations 


Location of sample 

i 

Value 

per 

ton 

Percentage 

of 

extraction 

Hours 

of 

treatment 

Mill heads. 

$15.00 

0.00 

0.0 

Bowl-classifier overflow. 

4.50 

70.00 

l.O 

Primarv-agitator overflow. 

2.81 

81.27 

5.5 

Primary-thickener discharge. 

2.63 

82.47 

2.0 

No. 1 secondary-agitator overflow. 

1.81 

87.93 

4.3 

No. 2 secondary-agitator overflow. 

1.39 

90.74 

4.4 

No. 3 secondary-agitator overflow. 

1.16 

92.27 

4.3 

No. 4 secondary-agitator overflow. 

I 1.08 

02.80 

4.4 

Secondarv-thickener discharge. 

1 0.88 

94.13 

2.0 

Primary-filter feed. 

' 0.89 

94.07 

2.0 

cake. 

0.90 

94.00 

0.0 

Secondary-filter feed. 

0.90 

94.00 

1 0.5 

cake (final tails). 

0.89 

94.07 

0.0 

Totals. 


94.07 

30.4 




Fineness of Guindinq, Tbck-Hughbs Mill 


Tylor 

standard 

screens 

Kod- 

mill 

feed 

Rod- 
mil 1 

discliarKt*. 
per cent 

Simplex- 
classi Ifier 
sands, 
p<T cent 

Simplex- 
classi fler 
overflow, 
per cent 

Tube- 

mill 

discharKc, 
p«T cent 

Howl- 
elassifler 
Bands, 
per cent 

Plus l.O.'S in. 

2.79 






Plus .74 in. 

12.67 






Plus .52 in. 

18 63 






Plus .37 in. 

19.78 






Plus 3 Mesh 

10.87 






Plus 6 Mesh 

13.21 

0.14 

0.25 




Plus 14 Mesh 

0.08 

8.43 



1 


Plus 28 Mesh 

3.53 

22.04 

30.48 

0.34 

0.03 

0.54 

Plus 35 Mesh 

1.29 

12.29 

16.39 

1.59 

1 0.12 

0.96 

Plus 48 Mesh 

1.06 

9.97 

12.38 

3.34 


2.73 

Plus 65 Mesh 

0.48 

3.72 

3 69 

1.97 


1.76 

Plus 80 Mesh 

0.58 

6.28 

2.11 

5.87 

2.17 

6.17 

Plus 100 Mesh 

0.65 

4.97 

3.68 

6.25 

4.08 

9.40 

Plus 150 Mesh 

0.67 

5.17 

3.54 

9.14 

11.50 

24.72 

Pius 200 Mesh 

0.43 

2.71 

1.54 

6 55 

13.30 

24.30 

-200 Mesh 

4.28 

24.28 

10.41 

64.95 

68.24 

29 42 

Value. 

$15.00 

$11.34 

$10.65 

$7.67 

$10.51 

$17.03 


Bowl- 
claBrifinr 
overflow, 
per cent 


l.flg 

98.32 


$4.66 
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capacity in the first two decanting thickeners, normal wash solu¬ 
tions cannot be added, so some barren solution is added as the 
settling conditions permit. 

The underflow from the final decantation thickener is again 
agitated in a 16- by 12-ft. Dorr agitator and filtered on one 
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, Merrii/ Drecip ifafion 
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^ _ Darren So/ufion 

Cakefonosfe V Jo ^laC?S^ 

Precipifafe 




. ^ki¥e/i Fumaae 

\ 

Qulim. 

Crusher 

Flo. 96(a).” - Cyanide plant, Toburn mill. 


8 - by 12-ft. Oliver filter where it is washed with 75 tons barren 
solution and 75 tons water before being discharged to waste. 
The moisture in the cake is 18 per cent. The dissolved loss in the 
tailing is about 1.5 cts., and the undissolved loss 40 cts. (Gold 
at S20.67.) 
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Average extractions are as follows: 

Per Cent 


Grinding circuit. 84 , 

Primary thickener. 3 0 

4 agitators. 5.0 

4 thickeners. 2.5 

1 filter. 1.5 


Total. 90.0 


The solution is deaerated and precipitated by zinc dust. The 
pregnant solution carries from $2.50 to $3.50 per ton and is 
precipitated to a trace to 2 cts.; 360 tons of solution is pn‘cipitatt‘d 

Af/ncone 


Pi cking Befi' Ccoar^) 


12x20'* Buchanan crusher 
Pines 


^'S^mons cone crusher ’(sef of" f) 
Fines ___ 


MU/shraaebin 

Fig. 90(fc). —CrusiiinK plant, Toburn mill. 


per day. The consumption of zinc is 0.034 lb. per ton ore. The 
precipitate without acid treatment is fluxed and melt<*d, yitdding 
a bullion 774 fine in gold and 145 fine in silver. Refinery slags 
are crushed and returned to the mill bin. 

Cyanide solution is added to the ball mill. Half of the make-up 
cyanide (Aero brand) is added to the mill ore bin, and half to the 
agitators. The solution in the first agitator carries 0.50 lb. KCN 
per ton solution. Consumption of cyanide is 0.51 lb. KCN per 
ton ore, and of lime 4.5 lb. 

The pulp has a total contact with solution of 54 hr. 
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Approximately 10 tons barren solution per day is discarded per 
day to avoid fouling. 

Wrigkl-Hargreaves Mill .—In late 1933 mill alterations were 
completed, increasing the capacity of the plant from 800 to 1000 

Crushed orsJzJLl 



> f/ofaf/on 


Fiq. 97(a).—Wright-Hargreavea flow-aheet, cyanide aection. 


tons per day and changing the flow-sheet from straight cyanida- 
tion to cyanidation followed by flotation and retreatment of 
concentrate. As shown by the screen analyses in the chapter 
on grinding, the final pulp discharged from the grinding circuit 
is 99 per cent through 200 mesh and 80 per cent through 325 mesh. 

The flow-sheet shown in Figs. 97o and 976 is reproduced from 
Donald F. Irvin's article in Trane. 112, A.I.M.E., 1935, and other 
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d&t& used here are from the same article, from the paper by the 
staff of Wright-Hargreaves in Bui C.I.M. and M. for February, 
1935, and directly from the management. 

The overflow from the Dorr bowl classifiers, at about 10 per 
cent solids, flows by gravity to two Genter thickeners, one 
having 2300 sq. ft. and the other 2000 sq. ft. of filtering area. 



Fig. 97(6).—Wriuht-HarKreavcB flow-sheet, flotation seetion. 

The underflow, at about 55 per cent solids, is pumped from each 
machine by a Denver Quad diaphragm pump, discharging into 
the primary agitators (two Dorr machines 24- by 26-ft. and in 
series). The portion of the effluent from the Genter thickeners 
required for precipitation Ls pumped to Merrill sluicing clarifying 
presses, and the remainder sent to mill storage. 

The overflow from the No. 2 primary agitator flows by gravity 
to four 14- by 16-ft. Oliver filters. A barren wash is used. 
The cake drops directly into a repulper of the Dye-Davis type, 
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repulping in barren solution. The pulp is next pumped at 60 per 
cent solids by means of a 4-in. Wilfley pump to a 33- by 10-ft. 
Dorr thickener which has been concerted to act as an agitator, 
and no further dilution is made. The pulp next passes to the 
second stage of filtration which, like the first, consists of four 
14- by 16-ft. Oliver filters followed by repulpers. Water is used 
on the two front sprays, and barren solution on the others. The 
sprays on this bank are fitted so that all or any number may be 



Fia. 98.—Large Dorr bowl classifier at Wright-Hargreaves, in closed circuit with 
secondary mills, overflowing at 98 to 99 per cent minus 200 mesh. 


used for either water or solution. In order to prevent high dis¬ 
solved loss, the filters must be scrubbed and acid treated about 
every second day. The scrubbing was formerly done by two men 
and required more than 2 hr. to make a good job of scrubbing and 
acid treating. A machine was developed on the property to do 
this work, and with its use one man can now do the job in about 
30 min. Before scrubbing is started, the filter is reversed, and 
the scrubbing machine laid against the back at an angle of about 
5 deg. As the scrubbing proceeds, weak hydrochloric acid is 
sprayed ahead of the brushes. The average life of the covers is a 
little more than two months. 
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Flotation. —After the second filtration the cake is repulped 
with fresh water, and copper sulphide and soda ash added at the 
repulper. One purpose of the copper sulphate is not so much 
to activate the pyrite but to precipitate any remaining dissolved 
gold. 

It will be noted in the flow-sheet diagram that, following the 
last filtration, the pulp, after addition of copper sulpliate and 
soda ash, is pumped to a 12-by-12 Denver conditioner. Before 
the pulp enters the latter it passes over a 4“by-4 screen of plate 
punched with holes for the purpose of (eliminating moat 

of the remaining finely broken wood which may have tramjx^d 
past crushers and classifiers. This wood us(h1 U, give a gn'at dc^al 
of trouble in the flotation circuit, as it formed n dense felt wdiich 
gathered the rich concentrates, (‘logged impellers, blocked 
launders and was a detriment in various other ways. 

The pulp entering the conditioner is dilutf^d to 3 to 1, where 
Z-8 (a butyl xanthate) is added as a collector. The pulp is tlum 
fed to fourteen 56-in.-diameter Fagergren flotation cells in series 
but in two banks of seven cells each. B-23 and B-25 (duPont 
alcohols) with 20 per cent cresylic acid as a frother are added at 
various points along the series. The lips of the c(41s were cut 
down 4 in., and the gates of each of the c(41s simultaneously 
lowered. This has permitted the handling of the entire mill 
tonnage by these 14 cells in series, whereas, prior to the lip 
change, the pulp had to be divided equally between the two 
banks of 7 cells each. A finished concentrate is made from the 
first bank of seven Fagergren cells—^such concentrate going to one 
34-ft. 6-in. Dorr thickener. The pulp then goes to the second 
bank of seven cells, and the middlings from these go to a bank of 
eight Denver Sub-A cells for cleaning. The first four of the bank 
yield a finished concentrate. Middlings from the second four 
return to the top of the bank, and the tails go to waste. It was 
found that by adding a minute quantity of Minerec B to the top 
cell of the cleaners this reagent, with the residual duPont 
alcohols in the cleaner feed, gives a much better froth control. 
The finished concentrate joins that from the first bank of Fager¬ 
gren cells at the 34-ft. 6-in. Dorr thickener. 

The underflow from the thickener passes to either of two 
11-ft. 6-in. by 14-ft. Oliver filters for dewatering prior to a 
partial regrind in a 6-ft. by 22-in. Hardinge silex-lined mill using 
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ffint pebbles. Just before it enters the Hardinge mill, quicklime 
is added at the rate of 13 lb. per ton concentrates, and the 
discharge is pumped to a series of seven 12-by-12 Wallace super¬ 
agitators at 1.5 to 1 dilution, with a contact time averaging 
86 hr. Of the precious metals, 85 to 90 per cent is extracted. 

An interesting point is that, after this agitation in the retreat¬ 
ment circuit, the residues are returned to the primary agitators, 
and no building up of values takes place provided that not all 
of the sulphides is floated. It is noteworthy that in the flotation 
circuit not more than 0.5 per cent of the total sulphides contained 
in the flotation heads is floated, and the average pyrite content of 
concentrates is about 7 per cent FeS 2 . For example, results over 
a month are as follows: 

Flotation heads averaged. $2.30 per ton and carried 1.78% FeSz 

Flotation tails averaged. $0.43 per ton and carried 1.36% FeS-i 

Flotation concentrates (by differ¬ 
ence). $1.87 per ton and carried 0.42% FeS 2 

If it is assumed tliat the values are all contained in the pyrite, 
this would w'ork out as follows: 

36.6 lb. at $2.30 = $129.20 in heads 1 

27.2 lb. at $0.43 = 31.61 in tails >per ton pyrite 

8 .4 lb. at $1.87 = 445.20 in concentral es ) 

thus showing a depletion in grade or value contained in the 
pyrite through repeated action in one or other of the cyanide 
circuits. It should be borne in mind that there is approximately 
18 to 20 cts. locked up in the tails that is not soluble in aqua regia. 

The flotation heads average $1.75, and the concentrates $62. 
The dilution is 3 to 1. The reagents used in flotation per ton 
of ore averaged for a year as follows: Z-8 collector, 0.06 lb.; 
CuS 04 conditioner, 0.25 lb.; soda ash, 0.09 lb.; cresylic acid, 
0.02 lb.; and duPont alcohols, 23/25, 0.057 lb. 

Refining. —The average grade of precipitate is as follows: 

Per Cent 


Gold. 46.11 

Silver. 9.33 

Copper. 15.9 

Zinc. 9.31 

Tellurium. 6.29 
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Melting is done in two standard Rockwell furnaces, formerly 
using Carbofrax lining and fuel oil fired with air pressure at 
90 lb. With tellurium and other base metals in the precipitate, 
it was found that a regulus was formed, due, it was believed, to 
the reduction of the oxides to the metallic state, effected probably 
by reaction with the carbon in the lining and the reducing action 
of the oil flame. Present practice is to use sillirnanite lini’ig which 
has entirely eliminated any regulus. Low-pressure air fiom a fan 
has b(ien substituted for high-pressure air in the burner. 

During 1935 an extraction of 96.8 p(T cent was obtained at 
a cost of $1,279 per ton ore treated with a grind of 85 per cent 
minus 325 mesh. 

Porcupine Ore and Its Treatment. —Ore frr tn tlu* mines of the 
Porcupine district may be generalized as quartz and mineralized 
schist, carrying very little to a considc^rable amount of fre(‘ gold, 
and gold in pyrite which ranges from 2 to 8 peT cent. There are 
other minerals, but th(»y are of little significan(‘e, (except pyr- 
rhotite in the Dome. Treatment of these or(*s vari(\s, as will I)e 
noted in the descriptions of repr€?sentative plants. I'hese plants 
report an (extraction of 95 to 98 plus pcT cent at a cost of 62 ets. to 
$1.20 per ton. Thc're are other mills in the distri(*t, but those 
describ(Hl n^present the typical metallurgical practice. Volume 
33, Part 2, 1924, of the Ontario Departnu^nt of Minces, entitled 
‘'The Porcupine Gold Area,'^ by A. G. Burrows, describes the ore 
deposits; and a se(;tion by G. E. Cole, E. L. Longrnore, C. W. 
Dowsett and A. Dorfinan explains mining and milling practice, 
although the latter has since be(m chang(^d considerably. 

Crushing ,—Fine feed for the mills is made in the crushing 
plants, which makes it possible for a n^latively small amount of 
fine-grinding equipment to handle large tonnages. Belt-fed rolls 
are a feature of each plant. They make a good mill feed at low 
cost. The cost of crushing ranges from 6 to 25 cts. per ton. At 
the Hollinger and McIntyre plants dust is drawn off from the 
screeiLs and bins. At the Hollingtir the cost for this operation is 
0.37 cts. per ton. The dust collected is either dumpcid into the 
mill ore bin or Ls wetted and mixed with the ore taken to the mills. 

Milling and Grinding ,—At the Coniaurum and Mclnt 3 rre 
plants the feed to the milling section is so fine that all grinding 
can be done in the tube mills in closed circuit with Dorr classifiers. 
Dome and Hollinger, presumably because the feed is coarser, use 
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ball mills and rod mills, respectively, preceding tube mills. 
Dome has a second stage of grinding in open circuit and a third 
stage in closed circuit on the cone underflow only. Hollinger 
pulp is finished in the second stage, with classifiers in closed 
circuit, but later, when the pyrite has been tabled, the concen¬ 
trates are separately ground. 

Free Gold, —Dome ore carries much free gold, some of it 
specimen ore. The latter is selected and treated separately. 
Corduroy tables catch 76 per cent of th(i gold. McIntyre ore 
also carries coarse gold, for the recovery of which a unit flotation 
cell and hydraulic cone are used in each tube-mill classifier 
circuit. The flotation unit Ls cleaned out once a day, and the 
concentrate treated. It scalps 40 per cent of the coarse 
concentrate. 

Pyrite, —In effect, Dome, Hollinger and McIntyre practice is 
to recover the pyrite and then grind and cyanide it. At the 
McIntyre plant the mineral is floated, and all other pulp dis¬ 
carded. At the Hollinger the pulp is concentrated on tables, and 
the mineral saved for special treatment before it joins the regular 
mill pulp for further cyanidation. Dome procedure is to use 
cones to raise the sulphide content of the circuit and thus give the 
pyrite and pyrrhotite a selective grind and aeration with lime 
before cyaniding. 

Slime Treatment, —Under this heading, which includes thicken¬ 
ing, agitation and filtration, little comment is necessary. At 
the Hollinger both countercurrent decantation and double filtra¬ 
tion are practiced. The Coniauruin mill uses double agitation 
and filtration, and the McIntyre employs triple agitation with 
filtering on American disc machines; the Dome uses Merrill 
presses which are gravity filled and the Hollinger has single and 
double filtering on Oliver machines. 

Precipitation, —^The gold from clarified and deaerated solutions 
is precipitated on zinc dust. An average vacuum of 26 in. is 
maintained in the Crowe tank. 

Coniaurum Mill, —The milling methods of the Coniaurum 
mines, at Schumacher, Ontario, are described by John Redington 
in I.C, 6541, U,S,B, of M,, October, 1931, and by P. D. P. 
Hamilton in Trane, 112, A.I,M,E,, 1934, and form the basis 
for the following abstract and the accompan 3 ring flow-sheet 
(Fig. 99). 



Summary of Ore Treatment in Porcupixe Distrk't 
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The ore consists of a mixture of quartz and mineralized schist 
containing about 2.5 per cent sulphides. 

The mill was designed to treat 500 tons ore per day but is now 
treating only 480 tons ore averaging 4.50 dwt. per ton in gold at 

M/nc ore 
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Fla. 99.—Flow-flheet, Coniaunim mill. 


$20.67 per oz. Total recoveries of 95 per cent are obtained with a 
tailing assaying 23 cts. 

Because of the reduced tonnage treated, an excess of crushing 
capacity permits comparatively fine feed to the grinding mills. 
This, in turn, permits grinding to 70 per cent minus 200 mesh at 
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comparatively low grinding costs. Ample storage bins make 
it possible for the crushers to be operated at one period and the 
rolls at another, thus conser\*ing power, which is purchased 
on a peak-load basis. 

Crushing. —The mine ore is broken in a fine-reduction 
gyratory crusher, driven by a 100-hp. motor and dinM^t drive, 
from 10 to 1\<2 in. The product from this gyratory is conveyed 
by a 24-in. conveyor and a 20-in. bucket elevator to a 700-ton 
storage bin, from which the ore is fed to a set of 60- by 20-in. 
Traylor rolls, running at 1000 ft. per min., peripheral sjxxhI. The 
rolls are driven by two 35-hp. motors with belt drives. The 
product from the rolls is conveyed i)y a 24-iM. belt conveyor to 
two Leahy 4- by 5-ft. vibrating screens, usirif; ‘i -bi. scTcen cloth, 
and the oversize is fed to a sf'cond s(^t of 60- by 20-in. Traylor 
rolls running at 1350 ft. per min. The reduction in this step is 
from }2 to }i in. Tlu* product from these set^ondary rolls 
returns to join the feed of the vibrating screen, and a circulating 
load of approximately 60 tons per hour is maintained in this part 
of the crushing circuit. The screened product is conv(^yed by a 
24-in. belt conveyor to a 1000-ton ore bin. 

In a crushing shift of 11 hr., 470 tons of ore is crushed to minus 
in, from run-of-mine ore. Wear on manganese roll shells 
amounts to 0.114 lb. p(T ton ore crushed, and the cost of coarse 
crushing, screening, (‘onveying and delivery to the mill ore bins 
amounts to 24.9 cts. per ton ore milled. 

Grinding. —Grinding is done by a 5- by 16-ft. Allis-Chalmers 
tube mill, which is in closed circuit with a 6- by 30-ft. Dorr 
classifier. The classifier overflow at 1 to 1 dilution is pumped by 
a 4-in. Wilfley sand pump straight to the agitation tanks. 
Approximately 75 per cent of the total value in the heads is 
extracted in the grinding circuit. 

Screen analysis on final grinding shows 70 per cent minus 
200 mesh. Tube-mill ball consumption amounts to 1.7 lb. per 
ton ore ground. Pocket-type liners are used, and the halls are 
retained in the pockets, taking some of the wear, which is undeter¬ 
mined. Liner wear is 0.0975 lb. per ton ore ground. 

Grinding and classification co.sts are 17.5 cts. per ton of ore 
milled. 

Agitation and Thickening. —Agitation at 1.25 to 1 dilution 
for 18 hr. is done in four 24- by 20-ft. Dorr agitators, two units in 
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tandem. The agitator discharge goes into a Dorr bowl classifier, 
which acts as a concentrator as well as a classifier, materially 
reducing the value of the feed to the thickeners. This concen¬ 
trated product of the bowl classifier is returned to the tube mill 
for further grinding, as it contains approximately $3.75 in gold, 
whereas the agitator pulp contains only approximately 60 cts. 
(gold at $20.67 per oz.), thus showing that there is a concentration 
of gold in the coarse product from the bowl classifier. The over¬ 
flow from the bowl classifier is pumped to a 40-ft. Dorr tray 
thickener. Dissolution of gold during agitation and thickening 
amounts to 16 per cent of the total in the heads. 

Filtration. —Two American eight-disc filters, 8 ft. 6 in. in 
diameter, are used in series with rcpulping between filtrations. 
Barren-solution wash is used on the first filter, and water on 
the second. The final cake from the secondary filter is sent to 
waste. About 4.0 per cent of the original valuer in the heads is 
extracted during filtration. The filter cake from the primary 
filter is repulped with barren solution and is sent to a 16-ft. 
diameter by 20-ft. deep Dorr agitator, where an additional 4 hr. 
agitation contact time is obtained at a pulp dilution of l}i to 
1. The pulp from this agitator is fed to the secondary American 
filter by means of a 6-in. air lift. The tailing shows an undis¬ 
solved loss of 20 cts. and soluble loss of 3 cts. per ton. Recoveries 
in various stages of the milling process are as follows: 

Grinding circuit, 75 per cent extraction; agitator circuit, 16; 
filters, 4; total, 95. 

Clarification. —The overflow from the thickener is pumped 
to a Hardinge sand filter for clarification. This filter, clarifying 
700 tons solution per day, gives a clear solution preparatory to 
precipitation. Precipitation is done by standard Crowe vacuum 
system using zinc dust. Reagent consumption, in pounds 
per ton ore milled, is: Cyanide, KCN, 0.5 lb.; lime, 2.1; zinc dust, 
0.0205; lead acetate, 0.0075. In milling 400 tons ore per 24 hr., 
as in 1933, only one tube mill and two of the four agitators are 
used. 

Dovie Mines ,—^To P. D. P. Hamilton’s article, previously 
cited, we are indebted for the following details of operations of the 
Dome mill. Since its discovery in 1909, the property has 
passed through a period when it was considered that the life of 
the mine was over; has twice survived the calamity of having its 
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milling plant completely destroyed by fire and is now one of the 
most important gold producers in Canada. 

Metallurgical problems have been v(?ry serious at times, but 
these have all been overcome, wdth the result that the mill is now 



Flu. 100.—Beattie Mines, Ltd., Quclx^c. Some of the largest and heaviest 
grinding and cla 8 sif 3 n[ng units in Canada operate in this flotation and eyanidation 
mill. 


making exceptionally fine metallurgical (ixtra(;tions. Blanket 
practice has been developed to a high state of effitdency in the 
present mill. The description of this part of the flow-sheet is 
given in the chapter “Concentration.” 

Figure 101 shows the flow-sheet of the crushing plant and 
mill. The run-of-mine ore is crushed in a Farrell jaw crusher to 
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4-in. size and is then conveyed to a 5H-ft. standard Symons cone 
crusher, which is set for a %-in. product. This product is passed 
over Hum-mer vibrating screens with by in. openings. The 
oversize goes to 18- by 42-in. rolls set at in., and this product 


Farrellj ai^ crusher (Ain) 
Sspions cone crushers^(i'') 

_t'_ A" _ 


3 Harxitn^ bol/mil/e 
Dorrdjptex chseif/ens 




ADorrthickenens 40x14^^“ 



Fio. 101.—Flow-shoot, Dome mill. 


returns to the Hum-mer screens. The undersize from these 
screens is delivered to the mill bin by a belt conveyor. Ore 
from the mill bin is fed by conveyors to three 8-ft. by 30-in. 
Hardinge ball mills, using 4-in. balls. The discharge from these 
goes to five Duplex D 6- by 18-ft, 4-in. Dorr classifiers, which in 
turn feed five 5- by 22-ft. tube mills which use No. 4 Danish 
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pebbles. The product from the tube mills and the overflow from 
the classifiers arc pumped to the blanket plant. 

The tailings from the blanket plant are pumped to two large 
cones, which distribute the flo^v to 16 smaller cone classifiers. 
The spigot discharge from these cones is pumped to four Duplex C 
Dorr classifiers. The rake product is fed to two tube mills, 
53 in. by 22 ft. inside diameter, which use IVi^-in. st<*el balls. 
The overflow' from the Dorr classifiers and the product from the 
regrinding tube mills join the flow^ from the primary grinding 
units and are pumped to the blanket plant. 

The overflow from the 16 cone classifiers flow\s to four 4()-ft. 
diameter Vjy 14-ft. 4-in. Dorr tray thickeners. The cl(‘ar-water 
overflow returns to the general mill circuit, while* the underflow is 
pumped to four 40-ft. diameter by 14-ft. Pachuca agitators, 
where lime is added, and the pulp is agitated for about 71-2 hr. 
This preliminary agitation increases cyanides extraction and 
reduces cyanide consumption. The aerated pulp then has 
cyanide solution added to it and is pump(^d to another series of 
Pachuca tanks, where it receives about 11*2 hr. agitation in 
cyanide solution. The pulp then discharges into two storage or 
surge tanks, which in turn feed by gravity to the five Merrill 
filters with ninety 4-in. frames each. The unclarifi(‘d solution 
from these presses is then pumped through Merrill clarifiers, and 
the gold is precipitat(‘d out by standard Merrill-CrowT^ precipita¬ 
tion. The pulp, discharged from the Merrill slime* press, is 
thickened in Dorr thickeners and pump(*d into the; tailings-storage 
dam, the thickener overflow being used for sluicing out the Mer¬ 
rill presses. 

In the report to shareholders for the year ended Dec. 31, 1933 
the following results of the mill operations for the year are given: 
heads, 8.0303 dwt. per ton; recovery, 7.8881 dwt. per ton or 
98.23 per cent. This is an increase from 95.08 per cent at the 
beginning of the period. 

The consumption of cyanide, NaCN, in pounds per ton milled 
was 0.4; of lime, 2.6 lb.; zinc dust, 0.044; and lead acetate,0.03. 

Hollinger Mill —This mill, the largest in the Canadian North, 
treats about 5000 tons per day. A description of this operation 
is given by P. D. P. Hamilton in Trans. 112, A.I.M.E.^ p. 
624; and in the Hollinger Edition of C.M.J., September, 1935, the 
various departments of the mine and mill were very completely 
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described by different members of the Hollinger staff. The 
following description and data are taken in part from these publi¬ 
cations, but through the courtesy of the management the flow¬ 
sheets are corrected as of July, 1936, and data unless otherwise 
indicated cover 1935. 



3 Tray /or ro//s a2x2£ 



Underground 
poc/^f 


Tom/// 

Flo. 102.—Flow-sheet, Hollinger crushing plant. 


In the last few years the mill heads have averaged somewhat 
over S5 in gold, with gold at $20.67 per ounce. The ore is 
described as siliceous schist containing about 4.2 per cent pyrite, 
of medium hardness and specific gravity 2.8. 
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In brief, the general plan of treatment after crushing consists 
of grinding in cyanide solution, table concentration of the 
sulphides, concentrate regrind with extra concentrate agitation, 
combined agitation of table tails and concentrate and two-stage 
filtration. 

CRUSHiNG.—Figure 102 shows the new 1936 flow-sheet of the 
crushing plant. Primary crushing is carried out undt^rground in 
a 48- by 60-iii. Buchanan jaw crusher set to 6 in., and tlie crushed 
ore is hoisted to the surface in skips. The ore is duinp(^d directly 
from the skips to three No. 7}^ Gates gyratory crusliers set at 
2} 2 in. The crusher product is sized in three 4-ft. diameter by 
16-ft. long trommels with ,^-in. square mesh wire screen. The 
trommel undersize goes to a vibrating screen, and tin* oversize 
drops to four No. 5 Gates gyratory crushers set to crush tlirough 
1 V 4 in. The crusher product then goes to on(‘ or two 62-by 24-in. 
Traylor rolls set at % in. The product from th(\se rolls gocis to 
one 5- by 10-ft. vibrating screen with ^ i- by * •^-in. op(‘nings. The 
screen oversize is given a final crushing in two or thn^e 62- by 
24-in. Traylor rolls, set at ? j e in., each of which is in c1os(h1 circuit 
with one 5- by 10-ft. vibrating screen with }i- by 2 “”*- openings. 

The combined undersize from all th(^ s(^reens is conveycul to an 
underground storage pocket with a drawoff caj)a(ity of 1200 tons 
and is then fed by feed rollers into weighing hoppers in 7-ton lots. 
The hoppers are dumped into 7-ton ore cars and transport(‘d by 
cable up a 3 4 -mile inclined track to the mill bins. 


Crushing, Screening and Conveying Costs at Holtjnger Mill, 1935 

(Cents per Ton) 


Coarse and fine crushing 

C(;nts 

Screening and conveying, 
dry-CTushing plant 

Cents 

Jaw crusher 

0.68 

Screening. 

0.80 

No. 73>4 evratorv. 

0.81 

Conveying. 

0.82 

No. 5 gyratory. 

0.95 

Dust (control. 

0.21 

All rolls. 

1.80 

Conveying to mill ore hins. . 

2.28 


Total. 

4.24 

Total. 

4.11 




Total cost of crushing ore and conveying to mill bins. 8.35 cts. 


The above table shows approximatc‘ crushing, screening and 
conve 3 ing costs in the early part of 1936 wiH‘n the finished 
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mill feed was about 6.0 per cent plus yi in., 45 per cent minus 
8 mesh and 15 per cent minus 200 mesh. 

Grinding. —Figure 103 shows the flow-sheet of the grinding 
plant and mill. The mill feed is fed from the ore bins to each 


Mil! 

JMarc^ rodmi ns 

IdPorr c/ up/ex c/assif/s rs 6x29' 


102 De/sfer CDoubh^deck) 
(loncenfrafc 


f^OorrfnyJi 

Omrf/cwfo 


Tails 

jJ}^ 


4 Tube mi/fs 5x20 ' 
iO Tube mii/s Gx/G ' 


QjOmU 


ickeners 40x15 ' k' 

r 2Dorrhudrv^Dan2fo/5i2x6 

Cuamde T 7 .. 

OkerT/o^ ^ Undcrf/oiy 

Lime char^ ^ 

3Tube mi//s 5x20 ' 

2Dorrfrau thickeners 40x/6* 

QirccffQiYfii 

4 Dorr agitators20x24 ' 4 Qofxs of3d3x45'f bchuca a^'tatons 


♦ 

Q 0/iyer filter- ^ 14x10' 

\ 

Filfrahsh 
miHsforao c 

9 Oliver filters 14x10’^ filtrate 
Tails 

Fia. 103.—Flow-sheet, Hollinger mill. 


12 Dorr tra^'tt7ickeners 
in 3st^o CCjl 

Qrcr^lQFr 


grinding section by five variable-speed rollers. Primary grinding 
is done in seven 7- by 15-ft. Marcy rod mills in open circuit. The 
primary mill discharge goes to fourteen 6- by 29-ft. Dorr duplex 
classifiers in closed circuit with ten 6- by 16-ft. and four 5- by 
20-ft. tube mills. The rod mills have 200 connected horsepower, 
and the tube mills 125. 
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Late in 1935 one of the grinding sections was changed to single 
stage by converting the rod mill to a ball mill with a 12-ft. 
FX Dorr classifier in closed circuit, and the tube mills w^ere 
discontinued. 

The daily tonnage through this unit at present averages 
1275 tons. Experimental work is still in progress in this unit, but 
results to July, 1936, indicate economies over tlie old( r flow¬ 
sheet, and a cost of under 101 2 cts. per hour is anticipated. 

Grinding costs for 1935 follow. During this p(*riod mill feed 
averaged 11.3 per cent plus in. and minus '2 hi. 


Per Ci'iit 


Rod mill. 7.29 

Tube mills. 5.98 

Classification. 1.07 

Cleaning up, conveying, spillage, etc. 0. 


Total. 15.28 


Extraction in the grinding circuit is about 45 p(‘r (‘(‘ut heatl 
values when grinding to 2 p(?r cent plus 48 mesh with 65 jxt cent 
minus 200 mesh. 

Rod-mill steel consumption using 3-in. diam(‘t(‘r rods av(‘rag(\s 
about 0.70 per ton milled. French-flint consumption in the tube 
mills is about 1.80 Ih. p(?r ton milled. LiiKT wear is as follows: rod 
mill (smooth, manganese steel), 0.165; tube mill (El Oro white 
iron), 0.086 lb.‘per ton milled. 

Concentration and Concentrate Treatment. —The over¬ 
flow from the Dorr classifiers is pumped by 8-in. Morris pumps to 
112 double-deck Deister slime-concentrating tables where 70 jxt 
cent of the pyrite and 85 per cent of the gold in the table feed is 
removed. About 800 tons concentrate is produced from 5000 tons 
feed, giving a ratio of concentration of approximately 6)4 to 1. 
This concentrate is given a further grind to set free gold that is 
finely disseminated throughout the sulphides. This is done 
with three 5- by 20-ft. tube mills loaded with 1%-in. stc^el balls in 
closed circuit with two 12- by 6-ft. deep Dorr hydroseparators. 
The hydroseparator overflows at an over-all fineness of about 
98 per cent minus 200 mesh and 90 per cent minus 325. 

The concentrates are thickened in two 40- by 16-ft. Dorr tray 
thickeners, the overflow going to the mill circuit, and the under- 
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flow, at 60 per cent solids, going to six 20-ft. diameter by 24-ft. 
Dorr agitators arranged in scries of three. Agitation time is 
about 38 hr. 

About one-half the lime used is added at the head of the regrind¬ 
ing tube mills, and all of the cyanide is added ahead of the hydro¬ 
separators. As a consequence, the solution in the concentrate 
section runs higher in cyanide and lime than the main-mill 
solution. The solution at the head of the concentrate agitators 
titrates 1.4 lb. NaCN and 1.3 lb. CaO per ton as against 0.75 lb. 
NaCN and 0.75 lb. CaO per ton for the main-mill solutions. 

The agitator discharge goes to the sump taking the primary 
thickener underflow and is given further treatment along with the 
thickened table tails. 

Steel consumption in the concentrate regrinding tube mills 
averages about 0.45 lb. per ton ore milled. Representative cost 
figures for this part of the operation, per ton milled, are: tabling, 
2.5 cts., regrinding concentrates, 2.5 cts., pumping and agitation, 
0.93 cents. 

Table-tails Treatment. —^The table tails are thickened in 
twelve 40- by 15-ft. deep Dorr tray thickeners. Sufficient 
overflow is sent to precipitation so as to maintain a precipitation 
ratio of about 0.99 to 1, and the rest joins the mill circulating 
solution. The underflow at about 54 per cent solids is pumped 
to four rows of five 15-ft. diameter by 45-ft. Pachuca and two 
series of two 20-ft. diameter by 24-ft. Dorr agitators. Agitation 
time is 15 to 18 hr. 

The agitator discharge is split two ways, part going to six 
primary 14- by 16-ft. Oliver filters, and the remainder to three 
40-ft. Dorr tray thickeners in C.C.D. The primary-filter dis¬ 
charge is repulped with barren solution, and this combined with 
the thickener underflow is filtered on nine secondary 14- by 
16-ft. Oliver filters. 

The filtrate from the primary filters goes to mill storage, while 
the secondary filtrate is used as wash water in the decantation 
thickeners. The secondary filters have a water and a barren- 
solution wash, and the primary filters have only barren solution. 

Tailings losses amount to about 20 cts. per ton, of which about 
1.7 cts. is solution loss. 

Total mill costs in 1935, including crushing, were 64.7 cts. per 
ton milled. (See chapter on costs for details.) 
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Precipitation and Refining. —Two 36-in. and one 42-in. 
Merrill filter presses are used for clarification, and precipitation 
is by the Merrill-Crowe process. Precipitation ratio is 0.99 to 1 
which gives pregnant solution assaying about 4.78 pc*r ton. The 
details of Hollinger refining are covered in the chapter on bulliou 
recovery. 


CoNRUMP'nON OF CHEMICALS, 1935 


PoUIldK 

Lc^ad jicefjilf* p<*r Ion solution proripilatfd . 0.0085 

Zinc dust piT ton solution precipitated. 0 0454 

NiiCN per ton r)re milled. 0.479 

CaO jior ton ore milled. 2.11 


Mclntyre-Porcupine Mill .—The McIntyre mill in the Porcu¬ 
pine district pres(»nts a somewhat different type of flow-sheet 
from that of HollingcT, in that a finished tailing is madf‘ by flota¬ 
tion concentration. 

This operation has betm very completely described in a paper 
by J. J. Denny in the Novcunbor, 1933, issu(‘ of E. and M, J, and 
a paper by P. D. P. Hamilton, Tram. 112, A.l.M.E.^ p. 630. 
The following is taken in part from these* papers and in part from 
information supplied through the courtesy of the management to 
bring it up to date as of July, 1936. 


Chemical Analyses, MclNTYiiE-PoReupiNB 



Mill-feed 

Flotation- 

Constituent 

average for 

14 months, 
per cent 

tailings 
average for 

6 months, 
per cent 

Iron pyrite. 

8 21 

0.10 

Silica. 

54 92 

58.28 

Combined water and carbon dioxide. 

4.32 

9.10 

Ferric oxide. 

6.28 

6.79 

Aluminum oxide. . . 

14.18 

15.07 

Calcium oxide. 

4.90 

5.61 

Magnesium oxide. 

4 33 

2.82 

Sodium and potassium oxide. 

2.85 

2.95 

Gold, per ton. 

$7.70 

24 cts. 

Specific gravity. 

Dry ore 
2.84 

Dry tailings 
2.72 
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McIntyre ore consists of quartz, porphyry and schistose basalt 
and dacite with a pyrite content of 3 to 15 per cent. The gold is 
associated with both the quartz and the sulphides, predominating 
in the latter. A typical analysis of the ore fed to the mill over a 
period of 14 months is given in the table on page 313. The 
mill at present handles 2400 tons per day. 

The general scheme of treatment consists of crushing the run- 
of-mine ore in jaw and cone crushers to 1 in. and reducing the 

Mj?e ore 

Tra^/orj ai¥ crasher 3Qx4S''Cunder ^roond) 

700 fr%n bin 



Fig. 104.— Flow-sheet, McIntyre crushing plant. 


crusher product to in. by rolls in closed circuit with vibrating 
screens. The screen product is ground to 8 per cent plus 65 mesh 
in tube mills operating in closed circuit with single flotation cells 
and classifiers. Classifier overflow is floated, with elimination 
of a finished tailing. Concentrate from the flotation cells is 
reground in cyanide solution to minus 325 mesh in tube mills, 
operating in closed circuit with classifiers. Next comes agitation 
of the pulp and thickening, followed by three stages of filtering 
and washing, with agitation between stages. Final residue goes 
to waste. Precipitation of the pregnant solution is done by the 
Merrill-Crowe system. 
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Crushing. —Figure 104 shows the flow-sheet of the Mclntyre- 
Porcupine crushing plant. Initial breaking is done underground 
in a 36- by 48-in. Traylor jaw crusher fed by a 64-in. Ross chain 
feeder. The ore drops into a loading po(*ket from which it is 
hoisted to the surface in 6-tori skips which dump into a 750-ton 
steel storage bin above the cone cruslu?r. Primary crushing is 
done in a 7-ft. Symons cone crusher set at Jic-iu- which rc'duces 
the ore to approximately 1 in. at a rate of 150 tons per hr. 
Manganes('-liner wear is at the rate of 0.020 lb. per ton ore 
crushed. 

Th(* secondary crushing circuit consists of a 190-ton surge 
bin, six 4- by 6-ft. single-deck Hum-m('r sc^mmis and a s(»t of 
Traylor (Ajo-type) rolls, 78 in. in diameter by 18 in. wide', all in 
closed circuit; circulating load is 190 per c(»nt. The final strreened 
product or mill fec^d is all —in. A compl(‘te s(^t of s('recn 
analyses of (Tushing-plant products is given in the chapter on 
crushing and grinding. Chrome roil shells last 90 days. Dust is 
kept down in the crushing plant by a Sly (folh^cting system which 
removes 5 tons dust per day and assays $2 per ton. 

Crushing costs, including labor, employc^cs^ insuraru^c', supplies, 
maintenance, power and general expenses, are givc'ii in the 
accompanying table. 


Crushing Cost, McIntyre-Porcupine Milt. 
(Apr. 1, 1935, to Mar. 31, 193(>) 


Item 

W<iar of 
cnisher 
pounds 
parts, 
per ton 

Item 

Crushing 

frosts, 

cents 

per 

ton 

Jaw plates. 

First 8<5t 

Symons cone crusher. . 

2.37 


not ivoni 

Rolls. 

3.47 


out 

ScrcHMis. 

.76 


(3 years) 

Conveyors. 

1.99 

Cone crusher. 

0.019 

Heating and lighting. . 

.36 

Roll shells. 

0.094 

Supervision. 

1.43 


! 

Total cost per ton... 

10.37 


Grinding and Concentration. —Figure 105 gives the flow¬ 
sheet of the grinding and flotation plant. The fine-crusher 












316 CYANIDATION AND CONCENTRATION OF ORES 


product is ground in single stage in five Allis-Chalmers 5-by 16-ft. 
tube mills. The grinding is to about 8 per cent on 65 mesh. 
Each mill is operated in closed circuit with a single No. 500 
Denver Sub-A flotation cell and a 6- by 30-ft. Dorr duplex 
classifier. The mill discharges are fitted with 3-mesh screens; 

fC9^ crushin g p/ant 

Mi// bins C 420 d fon c/ratvoffJi 


^A/iiS-Cha/mchs fubcmi//s 5x/<F ' 


3 Denv'er Unif cc//s //o 500 


^r/obOO -- 

^icns 


rrduo /ex c/ass ificns | 

I Concenfm/c 


^i^erf/otv 




6 Units DenycrbubA Ccl/ s. six ceils each / 


Sub A Cs/is^six cc//s 



I fi/fers S'G'Sdi'c —J 

/btuirffni// ^ ; . 

Circuit 

Flu. 105.—Flow-shoot, McIntyre grinding and flotation plant. 


the ov'ersize got's directly to the classifier and the undersize 
to the cells and then to the classifiers. 

About 75 per cent of the gold is recovered in the unit cells, 
60 per cent floated and 15 per cent removed every 24 hr. from a 
cone on the bottom of the cell. These unit cells are built with a 
small hydraulic cone in the bottom to trap gold that is too coarse 
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to float. This prevents a building up of values in the tube-mill 
circuit. Hydraulic water added at the bottom dilutes the pulp 
in the cell and cleans the concentrate therein. Concentrates 
removed from the cone are added to a concentrate-regrinding 
tube mill without any detrimental effect. 

The main flotation section consists of 48 No. 24 Denver Sub-A 
primary cells arranged in eight units of six cells each. The 
primary flotation tailings go to six similar banks of cells. About 
98.7 per cent of the pyrite is recovered in the concentrate. The 
concentration ratio is about 10 to 1 pH in the flotation circuit and 
varies from 8.9 in the tube-mill discharge to 8.4 in the secondary¬ 
cell discharge. 

About 50 tons tailings per 24 hr. is pumped to a 15-ft. Wilfley 
table and serves as a visual guide to the flotation operators. 
Flotation promoters are added to the tube-mill circuit and frother 
at both the tube-mill circuit and primary and secondary circuits. 
Reagent consumption is: collector, 0.12 lb.; frother, 0.08 lb. per 
ton feed. 

Con(!entrates go to a 12- by 11-ft. filter surge tank equipped 
with Dorr agitator mechanism wdiere it is thickcnied to an 
average dilution of about 1.7 to 1 by twelve 6- by 31^-ft. clarifier 
leaves. 

To avoid wear by coarse concentrate in the filters, two products 
were drawn off from the agitator, the coarse from a cone at the 
l)ottom and the fine from near the top of tlu^ tank. The coarse 
product now goes to a 4j^-ft. Dorr classifier, making a sand 
product which is sent direct to the tube mills and an overflow 
joining the fine product from the agitator and going to three* 
8j^^- by 8-ft. American filters where it is dewatered to 20 per cent 
moisture and repulped with barren solution. 

Cyanidation. —Figure 106 shows the flow-sheet of the con¬ 
centrate cyanide plant which has a capacity of 400 tons per day. 

Concentrates are reground in a 5- by 16-ft. Alli.s-Chalmers 
tube mill in closed circuit with a 6- by 30-ft. Dorr duplex classifier. 
This mill is rubber lined and loaded with 30,000 lb. Ij^^-in. 
forged-steel balls. 

Classifier overflow at 8 to 1 dilution analyzes 97 per cent 
minus 200-mesh and 88 per cent minus 325 mesh. This overflow 
combined with overflow from the second regrinding mill is agitated 
in four 24- by 20-ft. Dorr agitators. 
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Final agitator discharge goes to a 20>ft. diameter Dorr bowl 
classifier. This classifier oversize is sent to the second 5- by 
16-ft. regrinding mill in closed circuit with a 6- by 30-ft. Dorr 
duplex classifier. 

Q>nc^nfrates 


Ojani^- 


^ SQeoulDers 


Aitis-Chafm ers \be miti£x/(S* 

Do^rdup /ex dass/f/cr ^ 

4Dorr ag itators 24 x^O* 

Dorr botv/ c/aes/f/er G*x30*x20‘boivi 

Oyersi^ Dorr trau th/ckener£0jil4 

Qyerfhvyfo 
precfpifat/on 


AH is - Chalmers tube mid 
Do^ du^ex c/as^ificr 


Sumefank 


nitrate to sfomo e 


Filtrate to storage 


'^American filters S-^^disc 
Qeputper 

Dorraa itator 24x20' 

2 American fifters6-(SlxO* 

Dorraa itator 24x20* 
American fitter 


Ss&psc 

rJ/s 

Vui. 1(H».—FlowHsheet, McIntyre cyanide plant. 


The bowl overflow at a dilution of 8 to 1 is sent to a 50- by 
14-ft. Dorr tray thickener. This overflow goes to precipitation. 
The thickened underflow is given three stages of filtration with 
about 20 hr. of agitation in 24- by 20-ft. Dorr agitators between 
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the first and second and second and third stages, respectively. 
Filtration is on five 8.5-ft. diameter, 8-disc American filters. 

Water wash on the first filtration step has been found to assist 
extraction materially. Barren solution is used on the last two 
stages. 

Periods occur when carbonaceous material is present in the ore 
and is passed to the cyanide cin^uit. This (‘ondition is ()>'ercome 
by diverting the washed residue to two six-cell Dein er Sub-A 
flotation units before discharging it to waste. Aj)proxinmt(^ly 
95 per cent of the material is depressed, aiul a concentrate is 
re(;overed that is returned to the cyanide (‘ircuit for further 
dissolution. 

About 1950 tons solution per day is clarified and pre(dpitat<Hl 
by the Merrill-Crowe system. Approximately 60 lb. barren 
solution per ton original mill feed is discarded per day to balance 
the addition of wash water on the first-stage filt ers, and this is also 
sufficient discard to avoid solution fouling. ll(‘ag(^nt (^onsumj)- 
tion per ton ore is: cyanide, 0.628 lb.; lime, 1.106; zinc dust, 
0.084; lead acetate, 0.012. 

Solution strength is maintained at 3.0 lb. cyanide per ton and 
0.56 lb. per ton lime. Typical nn^tallurgical results and per¬ 
centage of recovery are given in the accomimnying tMl)le. 


Metallurgical Results AJfD Percentages of Recovery 


1 

Metallurgical results 

Value 

Total and stage recovery, p(T cent 

H<;ad8. 

$7.61 

0.253 

0.849 

0.010 

0.319 

Flotation: 

Unit cells. 76.00 

Flotation tails. 

Cyanide residue. 

Flotation circuit. 21.06 

Total. 97.06 

Soluble loss. 

Combined tails. 

Cyanidation: 

Primary grinding. 65.00 

Agitation and regrind. 31.50 

Filters, etc. 2.20 

Total. 98.70 

Total over-all r(?covery. 95.80 

Gold at $20.67 per oz. 


The foregoing data are representative of results during the 
first half of 1933. Since that time with the increase in the price 
of gold and increased tonnage, heads assay in ounces of gold has 
decreased, and the tailing decreased proportionately. In addi- 
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tion, cyanide residues have been reduced approximately 20 cts. 
per ton owing to a water wash on the first filters. 

Coarse o^ b/n CSOtons) 
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107.—Flow-sheet of Original Sixteen-to-one mill, California. 


Original Sixteen-to-one Mine 

At Allegheny, Sierra County, Calif., this company mines 
quartz containing free gold and gold in pyrite and arsenopyrite. 
The ore carries a little galena and sphalerite. Rich ore is sorted 
out underground and treated separately by crushing and grinding 
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and amalgamating in Berdan pans. This rich ore assays 50 02 . 
and more. The tailings are shipped to a smelter. The reject 
from sorting constitutes the mill supply and assays 0.5 oz. gold 
per ton. It is treated at the rate of 100 tons per day, as shown 
in the flow-sheet in Fig. 107. The first-grade concentrate's are 
amalgamated prior to shipment, and the s(H*ond grade* are* shippe^d 
direct at the rate of 6 tons per month. Tailings average 0.015 oz. 

Pioneer Mill 

This mill in the Lillooet district of British Ce)Juml)ia tn*ats 
400 tons per day in an all-cyaniding plant. 

Much of the material here given is from a;i article* hy Bussell 
Spry and Paul Schutz in Trans. 112, A.I.M F. 

The mill feed consists of quartz carrying small ame)iints of 
various sulphides including pyrite, arsemopyrite, pyrrhotite, 
chalcocite, e^tc. Country roe^k is quartz diorite altereKl to 
sericite. This sericite slimes readily and is unwelcome in the 
mill because of its poor scuttling characttTistics. I'ln'ro are two 
main sections to the mill, one built later than the other. 

Crushing.—Ore is sledged undergrounel te) pass 5-in. grizzlies. 
From the receiving bin it is conveyed to a 4- by 5-ft. Hum-mer 
screen having by 5-in. openings. Th(^ ov(‘rsiz(^ is crushed in 
a 3-ft. Traylor bell-head crusher, Numb(*r 37, s(*t for J-j-in. 
product, and, combined with the undersize, is convcjyed to the 
mill over a 300-ft. aerial tram. Mill hied runs about 6.9 i)er cent 
plus % in. and 48.8 per (i(*nt plus H hi. 

Grinding.—Figure 108 shows the flow-sheet of the mill. 
Grinding is done in solution and in two stagcis. Primary grind¬ 
ing in the first unit is done in a 5- by 4-ft. Allis-Chalmers ball 
mill in closed circuit with a 4-ft. 6-in by 21-ft. 8-in. Dorr duplex 
classifier; in the second unit a No. 64^2 Marcy ball mill is us(?d 
in closed circuit with 8-ft. by 23-ft. 4-in. Dorr duplex classifier. 

Secondary grinding in the first unit is done with a 5- by 16-ft. 
Allis-Chalmers tube mill in closed circuit with a 6-ft. wide by 
10-ft. diameter Dorr bowl classifier. The primary mills grind 
to a few per cent on 10 mesh, and the final grind is from 2 to 5 
per cent on 100 mesh and 65 to 75 per cent minus 200 mesh. 

Total ball consumption is 3.71 lb. per ton, 1.48 lb. in the 
primary and 2.23 lb. in the secondary. Liner consumption is 
0.56 and 0.39 lb. per ton, respectively. 
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Agitation and Thickening. —The bowl-classifier overfiow first 
goes to thickeners where the pulp is thickened before agitation, 
and the decanted solution is sent to precipitation. 

< Unit QcsJpmcruiher 


PiinSOOT 


Marc^ do/imi//UotSdi 
Dorr class ifi er 


Dorr Ikw/chssif/er 3x30x12* 


NoHJnit 

Bin'aOOT 

Dorr class/f/er4-6i2/"4* 


^j7o(5 I 
Trauior ball mill Qx 7' 




lonce/itrate 
to barrel 




storage 4Qorrat ifaforsl4xl5'ir 
Dorr tra^ thtiker/erZSxUf 2Dorr thicVenersZOxff 






Dorr tra^ thickener Z3xl4 


nerZdxd* 


I 

Qorrjhickener 23x6* 


Wafer 


2 Dorrco filferslOxlZ * 


Fiq. 108.—Flow-sheet of Pioneer mill. 


The primary thickeners are followed by Dorr agitators which, 
on a basis of 400 tons per day of feed at 50 to 52 per cent solids, 
provide a 44-hr. treatment period in the series. 





TREATMENT OF SIMPLE AND COMPLEX ORES 323 

Agitation is followed by three stages of C.C.D. in various size 
Dorr thickeners. Because of the need of greater elevation 
between the balanced-type thickeners in the second unit, 
Inspiration-type Dorrco diaphragm pumps are used. In this 
type of pump the usual solid eccentric rod is replaced by a 
4-in. pipe, the pipe acting as an eccentric rod and at the same 
time as a discharge tube through which the pulp is lifted to a 
height of ft. above the pump bowl. 

Filtration.—The underflow from both units goes to a steady- 
head box and thence to two Dorrco filters 10 by 12 ft. llie 
amount of wash water used in the sprays is rec^orded by meters. 
Filtrate is usually pumped to the second la t thiekc^ners in th«^ 
washing series. 

The following table shows the dissolution at various stages 
in the mill based on averages for the first 5 months of 1934. Solu¬ 
tion loss in the tailings for the same period averaged 0.0023 oz. 
gold per ton. Dissolution on the filters for this period was 
0.001 oz. gold per ton but for the 6-months period preceding w'as 
0.004 oz. gold per ton. Present dissolved loss in the tailing has 
now reached the low figure of 0.001 oz. gold per ton solids. 


Dissolution of Gold 



Assay 
(solids), 
ounces 
gold 
piT ton 

Gold dissolved, p(*r (rent 

Location of sample 

Ijidi- 

vidual 

Cumulative 

Mill feed. 

Agitator feed. 

0.7133 

0.2405 

60.28 

66.28 prior to agitators 

Agitator discharge. 

0.0324 

29.31 

95.59 in agitators 

No. 2-thickener underflow. 

0.0227 

1.23 

96.82 in No. 2 thickener 

No. 3-thickeiier underflow. 

0.0207 

0.27 

97.09 in No. 3 thickener 

No. 4-thickener underflow. 

0.0199 

0.12 

97.21 in No. 4 thickener 

Filter cake to waste. 

0.0189 

0.14 

97.35 in filter. 




Clarification and Precipitation. —A precipitation ratio of 
3.25 to 1 is maintained. Clarification is in a 42- by 42-in. 
Merrill press, after which the solution goes to a 20- by 8-ft. storage 
tank. According to Spry and Schutz there is a definite advantage 
in keeping the pregnant solution above 60°F. during precipitation. 
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This is done by passing an 8-in. header from the mine com¬ 
pressor through the storage tank. Precipitation is by the 
Merrill-Crowe process, a Merrill-Crowe, low-level vacuum leaf 
jfilter being used. The latter consists of twenty-four 4- by 6-ft. 
leaves in a 103 .^- by 12-ft. tank in which an impeller provides 
agitation. One of these filters is used as a spare to avoid delay 
during cleanup. 

Precipitation and Refining. —Precipitate washed from the 
precipitation filters is pumped to a Merrill press in the refinery 
and dried to 8 per cent moisture by blowing the press with 
low-pr(‘ssure air. 

Smelting and refining arc done in a 3- by 4-ft. (inside dimen¬ 
sion) Monarch simplex furnace, and bullion is molted in a 
Monarch tilting crucible furnace. ^^Carbofrax” lining in the 
Monarch furnace lasts 110 to 130 hr. 

Solution Strengths and Reagent Consumption. —Cyanide 
is added at the grinding mills and in the first two agitators of 
each unit. Quicklime is added as the ore is dumped from the 
skips, and milk of lime is fed from drip boxes to the first secondary 
thickeners. 

Pregnant solution is kept at 1.4 lb. NaCN, and grinding 
solution about 1.3 lb. NaCN per ton. Cyanide consumption for 
the first 5 months of 1934 averaged 0.87 lb. per ton ore treated. 
This figure has been lowered considerably since, present con¬ 
sumption of cyanide (1936) being 0.5 lb. NaCN per ton ore. 
Pregnant solution is kept at 2.36 lb. CaO, and grinding solution 
2.1 lb. CaO per ton. Lim<^ consumi^tion is 4.23 lb. per ton ore. 
High lime is carried to aid settling in the thickeners. 

Note. —In early 1936 total recovery had reached 97 per cent 
and milling costs, including refining, were less than $1 per ton. 

Premier Treatment 

The Premier mine, near Portland Canal, British Columbia, 
is a good example of dressing a gold-silver ore for eventual treat¬ 
ment of the concentrate. The silver-gold ratio is now about 18 
to 1. During 15 years the average was 13 oz. silver and 10 dwt. 
gold per ton. For several years concentration on Wilfley tables 
and by flotation, followed by cyanidation, gave an extraction of 
87 per cent of the silver and 97 per cent of the gold. In 1926, 
cyanidation gave way to tabling and flotation and shipment of 
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the concentrates; and in 1927, all-flotation was adopted. Accord¬ 
ing to W. J. Asselstine and D. L. Coulter in Bui C./.M. and Af., 
February, 1933, recoveries were 86.3 per cent of the silver and 
93.3 per cent of the gold in 1931; and the total cost of milling, 
$1,067 per ton treated. The ore is siliceous and carries, besides 
the precious metals, some iron pyrite, lead and zinc. 

Mill operation and laboratory tests showed that 50 to 60 per 
cent of the mineral content could be recovered wlieii grinding 
to 50 per cent through 200 mesh and that tlie rejiiaindt'r could 
be taken off as a middling product to be retunu'd to the circuit 
for further classifying, grinding and floating. By adopting this 
method, the fine grinding was decreased from 81 to 70 p(»r cent 
through a 200 mesh without affecting the re(;overi(»s or the grade 
of concentrate. The Premier cell, operating with a cone chissi- 
fier, was an added development of this plan. It is of the (cascade 
type and was devised primarily for use betwc'en tlu^ primary 
grinding and regrinding circuits, also between the ri'grinding 
circuits and their respective cone classifiers. These c(‘lls removes 
a coarse concentrate as soon as grinding has reacdu'd tho stage at 
which flotation is possible. The capacity of tlu* filters was nearly 
doubled by this arrangement. 

Grinding is done by Marcy and Hardinge ball mills in closed 
circuit with Dorr classifiers and by Allis-Chalnu'rs and Colorado 
Iron Works tube mills in circuit with the flotation c(*lls. Another 
Hardinge mill in circuit with a Dorr classific^r does further grind¬ 
ing. The pulp then goes to Minerals S(*paration and K. and K. 
flotation machines. Dorreo and Wilfley j)umps circulate the 
pulp. The concentrate is thickened in a Dorr machiiKJ, dried in 
an Oliver filter and shipped to a smelter. 

The reagents used amount to 0.03 lb. sodium carbonate, 0.01 
lb. sodium cyanide and 0.27 lb, Aerofloat per ton on* inill(‘d. The 
first two are added at the secondary crusher, and the Aerofloat 
at the fine-grinding mills. The plant handles nearly 470 tons 
per day. 

Spring Hill Treatment 

Near Helena, Mont., the Montana Mines Corporation treats 
150 tons ore daily, according to L. A. Grant in I.C, 6411, U. S, B. 
of Af., 1931. Most of the gold is associated with pyrite, arseno- 
pyrite and bismuth, but 10 to 15 per cent is free and very fine. 
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Barren pyrrhotite is the most prominent sulphide as to volume. 
Cyanidation was not a success. 

The crushing plant consists of a 24- by 36-in. Traylor jaw 
crusher, set at 5 in., a conveyor belt with suspended magnet, a 
bar grizzly with 1- to IJ^^-in. openings, a 14- by 18-in. jaw 
crusher set at 1|^ in., a conveyor belt, a 4- by 5-ft. Leahy vibrat¬ 
ing screen with by 1-in. openings, a Symons cone crusher 
set at 3'2 a belt conveyor delivering to the mill bin. 

Two 7-ft. by 36-in. Hardinge ball mills, with a load of 5 parts 
circulating and 1 part new feed, in closed circuit with Dorr 
classifiers, grind the feed so that 59 per cent passes 200 mesh. 
Flotation reagents amounting to 0.075 lb. pine oil, 0.109 lb. 
xanthate, 0.103 lb. Aerofloat, and 0.088 lb. copper sulphate are 
added to the mills. 

The classifier overflow is diluted to 19 per cent solids and is 
fed to 10-cell 24-in. and 12-cell 18-in. Minerals Separation 
flotation ma(;hines. The ratio of concentration is 12 to 1. Tail¬ 
ings are thickeiu^d, and the w’^ater reclaimed; tlui concentrates 
are dried on a two-disc American filter. They assay 3J4 oz. 
gold per ton. 

Gold recovery averages 82 per cent at a cost of $1 per ton. 
Electric power cost 0,8 ct. per kw.-hr. 

United Eastern Mill 

The United Eastern mill is in the Oatman Gold Roads district 
of Mojave County, Arizona, and was built about twenty years 
ago. It is included in this volume not as an example of modern 
practice but rather as exemplary of one of the transition stages 
in cyanide mill evolution. Capacity was initially 200 tons per 
day but was later increased to 300 tons. 

The following description of this mill and accompanying flow¬ 
sheet (Fig. 109) are from two very complete papers on the 
construction and operation of this property, by Otto Warten- 
weiler in Trans. 59, A.I.M.E., 1918, and by Wheeler 0. North 
in Trans. 63, A.I.M.E., 1920. 

The ore consists of a mixture of calcite and quartz in about 
equal proportions, with some decomposed andesite. Average 
value is calculated to be $20 or more goid per ton with no silver 
present. 
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A No. 6 Telsmith gyratory crusher reduces run-of-mine ore 
to 3 in. Product passes over a Merrick weightometer on its 
way to a 24- by 24-ft. circular wood bin ahead of the rotary 
mills. 

Primary grinding is done in a No. 641 Marry mill, loaded 
W’ith 9000 lb. of 5-in. balls, in closed circuit with a 3-ft. wide 
Simplex Dorr classifier, overflowing at 20 mesh. 

Primary classifier overflow is sent to the sc'condary grinding 
circuit, consisting of two 5- by 6-ft. Allis-Chalmers ball mills, 
load(*d with 8000 lb. of 2-in. chrome-steel pebs, in closed circuit 
with two 4-ft. wide Dorr duplex classifiers, overflowing at 82 
per cent minus 200 mesh. AVhen capacity was increased, an 


mifons 



Fi(>. KM).—Coiinter-cnirrent decantation flow-shoot, United ICasU^rn. 

8-ft. Callow cone was placed after each classifier with spigot 
product returned to the classifier feed box by Frenier pump. 

Cone overflow at 4.5 to 1 dilution flows by gravity to a 40- 
by 12-ft. Dorr thickener. Thickener overflow goes to precipita¬ 
tion while underflow, at a specific gravity of 1.40, is pumped 
to a series of seven 14- by 24-ft. Dorr agitators. The agitation 
period is 62 hr. after which dissolving of values is almost 
negligible. 

The product from the last agitator flows through a straight 
c.c.d. plant, consisting of five 40- by 12-ft. Dorr thickeners and 
one 30- by 8-ft. Dorr thickener. Underflow is transferred from 
thickener to thickener by Dorreo diaphragm pumps against a 
counter-flow of 3.76 tons barren solution per ton ore, introduced 
in thickener 4, and 0.82 ton fresh wash water i)er ton ore, 
introduced in thickener 6. At thickener 6, the flow is split, and 
about one-third is sent to thickener 7, 30 by 8 ft. 

The underflows of thickeners 6 and 7 are combined and flow 
together to a tailings pond at a dilution of 0.82 ton solution per 
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ton tailings. The overflow from thickener 2, directly after the 
series of agitators, is returned to the grinding plant as mill 
solution. 

Each day 263 tons ore is crushed in cyanide solution; $20.66 
gold is dissolved as follows: 

$10.00 End of thickener 1 
10.30 In agitators 
0.20 In thickener 2 
0.07 In thickener 3 
0.04 In thickener 4 
0.02 In thickener 5 
0.03 In tliickcner 6 


$20.00 

Underflow moisture contents average 51.3 per cent. From 
thick(*n(*r 1, 872 tons of pn^gnant solution are precipitated to 



Flu. 111).—Curve of dissolution, 280 tons basis. United Eastern. 

$0,025. Agitation is at 1 part ore to 1* 2 parts solution. Solu¬ 
tion strengtli is 2.6 lb. KCN per ton. 

The theoretical dissolved loss per ton of ore is $0.1704, the 
actual $0,215 and the net $0,108. The reason for this difference 
between actual and net dissolved losses w^as brought out in 
the discussion of this paper and shown to be due to the fact that 
70 tons water a day, impounded at the tailings dam and averaging 
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$0.40 gold per ton, is returned to the mill and introduced into 
thi(?kener 6 as wash. The initial value of the tailings water is 
appreciably enhanced owing to the additional extraction and 
evaporation taking place in the tailings pond. 

The net loss of $0,108 is somewhat higher than would normally 
be expected in such a plant even with such high h(*ad values. 
This is primarily due to crowding capacity from the Jr‘signed 
figure of 200 to 263 tons p)cr day with a consequent reciuirtMiicnt of 
raising thickener-discharge moistures from 45 to an average* of 
51.3 per cent thereby reducing the decantation efficiency. 

Precipitation and Refining. —Pregnant solution from thickener 
1 is pumped through a Merrill central-sluicing clarifying filtc*r, 
delivering to a Crowe deaeration vacuum system. Zim* dust is 
addend as the solution leav(*s the Crowe systi‘m on its way to the 
precipitation presses. Precipitation is 3.3 tons solution p(?r ton 
ore. 

Wet precipitate is fluxed with 11 per cent borax glass, 11*2 
per cent sodium bicarbonate, 6 per cent manganese dioxide*, 3.3 
per cent ground bottle glass and at h^ast 10 p(*r cent, old slag sh(*lls 
from former melt.s, all these percentages being on thc^ basis of a 
dry precipitate. Melting takes place in an oil-fir(‘d No. 15 C'ase 
tilting furnace, equipped with a long-lipped graphite pot. Each 
charge yields a 600- to 700-oz. button and sonu* 40 to 50 lb. 
slag. 

Crude, dry precipitate? averages 1440 lb. avoirdupois per 
month, equivalent to 1024 lb. bullion or 8538 troy oz. gold and 
4497 oz. silver. Bullion buttons are remelt(?d and cast into 
150-lb. bars, having an approximate fineness of 560 gold and 
301 silver. 

Sodium cyanide consumption averages 0.735 lb. j)(*r ton ore, 
lime consumption 4.55 lb. per ton and zinc dust 0.464 11>. p<T ton. 
All cyanide is added to agitator 1 where thv, cyanide str(?ngth 
is held at 2.7 lb. KCN per ton ore. Lime is added to the primary 
mill feed. 

In 1917, the treatment of 84,548 tons ore, containing 89,163.078 
oz. gold and 45,607.16 oz. silver, showed a recovery of 96.36 per 
cent. In 1918 the corresponding figures were 92,339 tons ore, 
containing 100,903.079 oz. gold and 54,137.84 oz. silver, and a 
recovery of 96.95 per cent. 
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Cost data follow, averaged for 1917 and 1918 operations. 


Coarse crushing per ton. SO. 0709 

Primary grinding per ton. 0.3171 

Secondary grinding per ton. 0.4985 

Cyaniding (agitation and decantation). 0.6242 

Precipitation. 0.1342 

Clarification. 0.0382 

Refining. 0.1024 

Sampling. 0.0040 

Tailings disposal. 0.0257 

Solution heating. 0.0304 

General expense. 0.1767 

Lighting. 0.0082 

Assaying. 0.0336 

Water. 0.1050 

Total. S2.1691 


A breakdown of (^ach of the preceding expense items will be 
found in Trans. 63, 1920, 548-570 inc., segregating 

operating labor, repair labor, supplies, power and miscellaneous. 


Values of Solutions in Various Thickeners, United Eastern 


Thickener 

Solution values 

Cyanide strength (KCN), 
pounds per t on 

Theoretical 

Actual 

Th(H)retieal 

Actual 

U 

$6.24 

$6.22 

1 .90 

I.IK) 

V 

3.97 

5.85 

1.9819 

2.00 

w 

1.04 

1.78 

1.7881 ■ 

1.80 

X 

0.29 

0.55 

1.7407 

1 70 

Y 

0.27 

0.40 

1.244 

1.20 

Z 

0.20 

0.26 

0.685 

0.80 


WiTW'ATEItSRAND 

Ore mined in the vicinity of Johannesburg, Transvaal, is a 
conglomerate composed of various sizes of pebbles, principally 
of barren white quartz, which constitute 70 per cent of the 
whole. The pebbles are within a matrix of cementing material 
consisting of fine-grained quartz, sericite, chlorite and chloritoid. 
The matrix carries the gold, a little silver and the mineral 
sulphides. Argillaceous components of the mill pulp may be 
as high as 32 per cent. Of the sulphides, pyrite and pyrrhotite 
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omaHon p/aics 


Amo/^ m barrel 


predominate. Some osmiridium is also present—1 oz. in 3000 
to 10,000 tons ore. Most of the oxidized ore has been extracted, 
so milling is confined mainly to the sulphide ore. This shows by 
analysis 86.75 per cent silica, 2.75 per cemt pyrite, 2.65 per cent 
ferric oxide, 6.91 per cent alumina and 0.70 per cent magnesia. 
The specific gravity is 2.7. The gold content ranges from 
to Syi dwt. per ton, and the gold-to-silver ratio 9 to 1 The 
ore is hard and brittle. Ore ground 
to 92 per cent through 200 mesh Mtneore 

revealed 47 per cent of the gold to 
be free, 9 per cent encased in 
gangiie aiid 44 per cent associated 
with the sulphides. A large portion - 

of the gold in its natural condition 3famos 

is so fine that it is rapidly dissolved \ 

in cyanide solution. Fine grinding 

is necessary. i>?/ z. w 

As showing the development of AmopomCbac sand 

metallurgical treatment on the Rand 
the general flow-sheets as given by 
T. K. Prentice in BuL I.M, and M., Rotco 

April, 1935, are reproduced in Figs. ^ _J 1 
111, 112 and 113. j Ama/pampress 

In a general way, according to Tails T 

F. Wartenweiler in Trans, 112, l?elorf 

A,LM,E., 1934, the ore of the j 

central and near eastern Rand is 

amenable to simple treatment; at Fkj. in. Typical flow-Bheot, 
the extreme west, pynte and pyr- practice. issG isoo. 
rhotite have been more prominent, 

and in one “reef” the gold is closely encased in the siliceous 
matrix. In the far eastern Rand, the gold is associated to a 
greater extent with mineral sulphides, and finer grinding is 
required to bring about contact with the cyanide solution. 
These differences account for the varied tr(;atm(jnt given: (1) 
crushing, stamping, tube milling and separate treatment of sand 
and slime; and (2) crushing, tube milling and only slime treated. 
Excerpts from the paper mentioned will be found in this book; 
a brief general description of the first treatment mentioned 
follows: 


^ 52 ^ 2 ^ 

AmaL^n^PL 

i9el^rl 


Fks. 111. -Typical flow-shcot, 
Witwatorsrand xnctailurffical 
l>ractice, 1880 -189( >. 
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Stamp Milling, Sand and Slime Treatment. Crushing ,— 
An average of 15 per cent of the mine rock is rejected by sorters; 
and of the final crusher feed to the stamps, 36 to 50 per cent is 
coarser than 1 in., 20 to 24 per cent on in., 11 to 16 per cent on 
3^ in. and 11 to 20 per cent through 3^^ in. The stamps crush 


Mine ore 


Grh7/u 

l/\/ashtn ^ frommet 
fucking belt 

\ Q^rat<fr} cru3hers Waste nxkh 

Sto mps 

f 

Ctassifumo cones, 

^ ' \ 

I Deimtenn o cone^ 

Tube mi//A 


Q^scflgjv 


r 


Sand e/ime cones 
disfriteutons 


Amal^m^ates 


Underf/ptv 


OyertTo^ 
Satetu cones 


3ond treatment tanks 

'^xssts. I' 

Zinc First n^asnckuyfier 

extractor * 

Second yrash c/orifier 


S/ime co/tector 


Fig. 112.—Typical flow-sheet, Witwatersrand metallurgical practice, 1910. 


12 to 23 tons per day each through coarse screens ranging from 
6 mesh per linear in. to 1-in. mesh. 

Grinding .—Pulp from the 5603 stamps at work is ground in 
416 tube mills which use quartzite as pebbles, in some plants with 
steel balls. In addition to the ordinary cone, a variety of 
mechanical classifiers is in circuit w’ith the tubes—the Dorr 
rake, MacLean spiral and Job cone writh the primary mills; and 
the Dorr bowl machine for secondary and tertiary mills. 
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Concentrating ,—Several methods are employed to handle the 
sulphide portion of the ore. The eoncentratinK action of classi¬ 
fiers in the tube-mill circuit permits preferential grinding of the 
sand and pyrite. Corduroy tables or Johnson concentrators 



Qcforf 

Fig. 113. —Typical flow-sheet, Witwalersraiid metallurgical practice, l«:i4. 


are used to save coarse gold and pyrite. The former recovers 
25 to 60 per cent of the gold, a concentrate which, after dressing, 
is 0.05 per cent of the ore tonnage. The Johnson machine, 
which is a rotating drum, recovers 44 per cent of the pyrite and 
55 per cent of the gold in a concentrate weighing 8 per cent of 
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its feed. After its free gold has been taken out by blanketing, 
the concentrate is ground and then combined with the cyanide 
pulp. Another concentrator is the Smith and Maxwell jig, 
one for each tube mill. The concentrates from this jig are dressed 
to 2 per cent of the ore milled, ground cyanided and the residue 
sold to acid works. 

Sand Treatment .—As much as 60 per cent Rand ore was 
leached, but this percentage is lessening, and in some plants 
the proportion is as low as 10 per cent. The trend is toward all¬ 
slime treatment. All plants, except seven which are all-sliming, 
treat the sand separately by standard leaching methods. 

Sieve tests of sand show the following range of sizes: 26 to 61 
per cent through 48 and on 100 mesh, 29 to 56 per cent through 
100 and on 200 rnesh. In thevse examples the sand constituted 
26 to 68 per cent of the tonnage. The sand is leached 3 to 7 
days with cyanide solution, the strong('st being 0.06 per cent 
KCN, with an alkalinity of 0.005 per cent CaO. Water washes 
are seldom pra(?ticable. Aeration of the dissolving solution, as 
described elsewhere, is receiving attention at most plants. 
At one works, a small volume of air under pressure is introduced 
during the first saturation periods, and drainage is assisted 
by suction during the last two or three periods. This more 
thoroughly oxidizes the ferrous compounds, lessens the cyanide 
consumption and shortens the treatment. 

Slime Treatment .—Agitation of slime is effected in Brown 
(Pachiica) tanks or in Dorr machines, in charges or in scries, 
for 6 to 30 hr., with solutions of 0.01 to 0.025 per cent KCN. 
Butters leaf or Oliver drum filters are used for washing and 
dewatering. Some decantation plants are in operation. 

Precipitation .—Gold is precipitated on both zinc dust and zinc 
shavings, all of the newer and some of the older plants using the 
former. The respective consumption of zinc is 0.05 and 0.14 lb. 
per ton ore milled. 

Cod .—The total cost of ore dressing and ore treatment averages 
32 pence or 65 cts. per ton ore milled to extract an average of 
96 per cent of the gold. At the Central Mining-Rand mines 
group, in 1934, the cost of crushing, tube-milling and all-slime 
treatment was 34.2 pence (68.4 cts.) per ton milled, compared 
with 33.8 pence (67.8 cts.) for crushing, stamping, tube-milling 
and sand and slime treatment. 
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East Geduld. —Through E. P. Cowles, general manager of 
East Geduld mines, Springs, Transvaal, H. A. White, reduction 
manager, sujjplied the following information. 

Of 3200 tons of “banket” mined in 24 hr., 400 tons is rejected 
as waste. Washings from the sorting operation are sent to the 
tube mills. The ore averages 7 dwt. gold and 0.7 dw't. silver per 
ton, also 3 per cent pyrite. 

Coarse crushing is done by a 24- by 36-in. Hadfield jaw 
crusher set at 5 in. and fed by a lloss chain feeder, followed by a 
7-in. N(‘whouse crusher set at in. No screens are used. Of 
the final produ(^t, 75 per passes in. 

Primary grinding is done in three 8- by Ifi-ft. tube mills in 
oi)en circuit; secondary grinding in t(‘n 61 2 - by 20-ft. tube mills 
in closed circuit witli 8- by 16-ft. Dorr classifiers s(^t at 3 in. to 
the foot and working at 24 strokes per min.; and tertiary grind¬ 
ing in four 8- by 16-ft. tuix* mills in closed (circuit wdth 20-ft. 
Dorr l)owl classifiers. Mine* quartzite serves as grinding pebbles. 
The final overflow^ is 90 pt^r cent through 200 mesh. All grinding 
is in w'ater. 

The slime is tluckened in eight Dorr two-compartment tray 
thickeners, 50 by 18 ft. Dorreo quadruplex pumps draw' off 
the slime with 45 p(‘r cent moisture and send it to five Dorr 
agitators of the sjiine size as the thickeiuTs. The agitators 
consume 4 hp. (»ach and u.se air at 20 lb. ])r(*ssure. The strength 
of the solution is 0.5 11), KCN per ton solution. The consump¬ 
tion of cyanide is 0.35 lb. and of lime 2 lb. per ton ore. The 
contact period in th(‘ agitators is 26 hr. Filtration is done on 
seven 14- by 16-ft. Oliver machines, the cake of which contains 
26 per cent moi.sture. The loss of dissolved gold in the final 
residue is 0.01 dwt. Load acetate is added to the agitators and 
to the solution before it is clarified, the total being 0.05 lb. per 
ton. 

Precipitation of the gold and silver from 4480 tons solution 
per day is by the Merrill-Crow'e proce.ss, using 0.06 lb. zinc per 
ton ore treated. Solutions are deaerated before precipitation 
and aerated before use in the plant. The loss of undissolved 
gold is 0.25 dw't. per ton, and the extraction 96 per cent. 

In an article on the East Geduld in Jour. S.A.I.E.^ January, 
1933, H. R. Hill gives the total treatment cost as 30 pence or 



TREATMENT OF SIMPLE AND COMPLEX ORES 337 


60 cts. per ton and cyaniding cost as 9,4 pence or 19 cts. The 
flow-sheet in Fig. 114 Ls from tlie same article. 

New State Areas Mill.—The New State Area.s mill in the 
Witwatersrand area of South Africa treat.s 3900 tons prT day. 
The information following has been supplied by F. \Vart<aiweilcr. 

The ore is of the character usually found in this area and is 
described as quartz banket reef. It assays 8.15 dwt. wr ton in 
gold and 0.8 dwd. per ton in silver and contains some i>yri|.e. 
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Fig. 115 .—Flow-sheet of New State Ar«?us eriisliin/E; plant. 


Crushing .—Figure 115 shows the flow-she(*t of the crushing 
plant. 

The grizzles are set at 1*2 the undersize goes to four 
Vibrex screens with IJ^'-in. square op<!nings. The combined 
oversize from the screens and grizzlies gotss to four sorting belts 
where about 1300 tons per day is discarded at a cost of 0.62 
shilling (15 cts.) per ton feed. The screen undersize goes to 
mill feed, and the oversize is first cruslied in two 30- by 18-in. 
Hadfield jaw crushers set at 2 in. and then in two 36-in. Hadfield 
Hecla discs and one 3-ft. Symons cone crusher s(*t at *4 
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in. respectively. The finished crusher product runs 13.7 
per cent plus 1 in. and 52.1 per cent minus }4 in. 

Grinding, —^Three-stage grinding as used in this mill is shown 
in Fig. 116. Primary grinding is done in nine 6.5- by 20-ft. 
tube mills each in closed circuit with a Dorr duplex classifier. 

3Tube mil}s 
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Flo. 116 .—Flow-sheet of New State Areas grinding mill. 


Eight classifiers are 8 ft. wide, and one is 7 ft. wide. The primary 
overflow sizing is 3.9 per cent plus 48 mesh; 24.3 per cent plus 
100 mesh and 48.4 per cent minus 200 mesh. Tube-mill dis¬ 
charge flows over three corduroy tables, each 5 ft. 10 in. wide 
The concentrate is cleaned on one Wilfley and one James table 
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and amalgamated in a barrel. Corduroy recovery is about 30 
per cent. 

The primary-classifier overflow goes to three Dorr bowl 
classifiers with 20-ft. diameter bowls. They overflow at 1.9 
per cent on 100 mesh and 77.8 per cent through 200 mesh. About 
2400 tons rake product goes to four secondary tube mills each 

^ Co//ccfor fanka 




Fig. 117. —Flow-sheet of New State Areas cyanide plant. 


in closed circuit with a Dorr duplex classifier 7 ft. wide. Each 
tube mill has one corduroy table similar to those in the primary 
stage. The secondary-classifier overflow goes to a tertiary 
grind in two tube mills, one 5.5 by 20 ft. and one 6.5 by 22 ft. in 
closed circuit with three 15-ft. J. C. L. spiral-pan classifiers and 
one 7-ft. wide Dorr duplex classifier. 

The overflow of these classifiers returns to the intermediate 
bowl classifiers. 
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Slime Treatment ,—Figure 117 shows the flow sheet of the 
siime-treatment section. The bowl overflow is thickened to 
40 per cent solids on eight 76-ft. square settling tanks. The 
thickener underflow is given 153>^ hr. agitation at 48 per cent 
solids in twelve 45- by 12-ft. Pachuca agitators. 

Filtration is done on six hundred thirty-six 9- by 4.5-ft. 
Butters leaves and one 16-ft. by 14-ft. Fraser and Chalmers 
rotary filter. Part of the filtrate goes to precipitation, and the 
rest returns to the grinding solution. About 4500 tons of 
barren-solution wash is used per day. 

Dissolved loss in the tailing is given at 0.02 dwt., and undis¬ 
solved at 0.24 dwt. p(;r ton. 

Pregnant solution is clarified in five 40-ft. diamc'ter tanks, 
and 4600 tons per day assaying 2.625 dwt. per ton is precipitated 
by the Merrill-Crowe process; zinc consumption is 0.073 lb. per 
ton ore. 

Solution strength is 0.42 lb. KCN and 0.36 lb. CaO per ton, 
and th(‘ consumi)tion is 0.51 lb. KCN and 2.12 lb. CaO per ton. 

Lead nitratcj is added to th(‘ clarifier tanks, ahead of the Crowes 
tank. 

An extraction of 0.09 dwt. i>er ton is not(‘d during the filtration 
step. 

Refining ,—The pretapitaie is acid treatc'd with 45°B^. sulphuric 
acid. The rcvsiduo is water washed, filt(*r pressed and then 
(ralcined befon* smelting. Sand, borax, fluorspar, soda ash and 
a small amount of manganese dioxide are used for smelting flux. 
The buttons are renu'lted into 1000-oz. bars. The amalgam is 
retorted and then nunelted. Tails from the amalgam barrel 
are ground in cIoschI circuit and cyanided. 

Randfontein Estates. —The Randfontein mill in South Africa 
is the largest mill on the Witwatersrand and has a capacity of 
12,000 tons ore per day. Concentration on corduroy tables, 
amalgamation and cyanidation treatment an* all incorporated 
in the flow-sheets as shown in Figs. 118a and 1186. 

The description of this mill and the accompanying flow¬ 
sheets and data are from a private communication to the author 
from F. Wartenweiler, consulting metallurgist of Johannesburg, 
dated May 21, 1935, supplemented by a paper of Wartenweiler’s 
entitled “Development of Milling and Cyanidation on the 
Witwatersrand,*' in Trans. 112, A. I. M. E.y 1935. The ore is 
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described under “Witwatersrand,” at the beginning of this 
section. 

To quote from the foregoing A. I. M. E. paper, pages 760-761: 

The Witwatersrand gold ore is named “banket” from the similarity 
of the oxidized outcrop ore to the Boer almond cake of that name. 
The interbedded ore body is commonly called “reef.” 


ZSOO'hnbin 



Fig. 118a. —Flow-sheet of crushing and milling plant, Riindfontein Estates. 

Milling grade at present price of gold (137 shillings jKjr oz.) varies 
from 3.5 to 8.5 dwt., with one mine milling ore as high as 16 dwt. The 
gold-silver ratio is in the neighborhood of 9:1. Other characteristics 
are a high degree of abrasiveness; with depth (and stoping is proceeding 
as low as 7500 ft., vertical depth), it becomes denser and, owing to the 
high rock pressure, more brittle. 
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The gold in the ore may be divided into the portion that is in a free 
metallic state and the portion that is in the same state but closely 
associated with the pyrite, being found within and between crystal 
faces. 

At Randfontein the ore is a conglomerate, containing the 
usual banket minerals common to the Witwatersrand. Main 
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Fia. 1186 .—Flow-sheet of cyanide mill, Randfontein Estates. 


Reef ore averages 4.25 dwt. gold per ton; Kimberly-Elsburg, 
3.29 dw’t.; Bird Reef, 3.33 dwt.; Black Reef, 5.74 dwt., and 
Johnstone Reef, 3.79 dwt. 

After passing over a grizzly, the oversize goes to sorting 

belts where 800 tons rock is rejected per day. 
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The sorting belts are sprayed with wash water, and material 
washed off the belt goes to tw^o duplex Dorr classifiers. Two 
sorting belts feed two jaw crushers set at 2 in. The material 
through these two jaw crushers goes directly to a 12,000-ton 
bin. Five sorting belts feed five crushers set at 2^4 in. The 
product from the crushers goe\s to grizzlies set at 1* 2 twid 1 in. 
The undersize from these grizzlies joins the undersize' from the 
grizzlies and goes to the 12,000-ton bin. Tlu’ oversize 
from the IJ^ and 1-in. grizzly is fed to two Symons (H)ne crushers 
set at ?4 in. The pr(itluct from these crushers goes to the 
12,000-ton bin. 


Per Cent 

i 

I iKthes 

2.9 

+2 

33.1 

+ 1 

15.8 

+ H 

18.0 

4“ 

30.2 

- 

Total 10().0 1 


Crushed ore is fed to a 600-stamp mill, with a stamp weight 
of 1750 lb. and a capacity of 18.210 tons ore per 24 hr. Stamp 
product is pumped to six 9-ft. or 6 to 7 ft. 6 in. diamet(*r primary 
spiral classifiers, operating at 13 r.p.m., in closed circuit with 
six 8- by 16-ft. primary tube mills, loaded with a combination 
of balls and pebbles. The critical mesh of sc^paration is 100 
(4711 tons per 24 hr,), and the tons of oversize or sand product 
are 6069 tons per 24 hr. 

The discharge from each of the six tube mills passes over 
4 ft. 4 in. by 6 ft. 3 in. corduroy concentration tables, set at an 
18 per cent slope, on its way back to the classifiers iri the closed 
grinding circuit. Twenty-eight tons of banket conccintrate is 
recovered per 24 hr. 

Primary classifier overflow is pumped to 36 s(*condary spiral 
classifiers, half of which number are 8 ft. in diameter and half 
7 ft. All operate at 9 r.p.m. and overflow^ to 18-cone classifiers, 
7 ft. 6 in. diameter by 6 ft. deep, which, in turn, overflow at 81 to 
84 per cent minus 100 mesh. The classifier sand products or 



344 CYANIDATION AND CONCENTRATION OF ORES 


oversize average 1968 tons per 24 hr. and are reground in 18 
secondary tube mills, 5 ft. 6 in. in diameter by 22 ft. long, loaded 
with balls and pebbles. Cone-sand discharge is returned to 
the 8-ft. and 7-ft. spiral classifiers. 

As in the case of the primary grinding circuit, the discharge 
of these* s(‘condary tube mills is passed over corduroy concentra¬ 
tion tables befor(^ being repumped to th(^ se(*ondary spiral 
(;lassifi(*rs in th(i circuit. One set, 5 by 6 ft. and set at a 15 per 
cent slope, handles the tube-mill discharge*, while* another set, 
5 ft. by 5 ft. 6 in. and s<*t at a 14 p(T ceift slope*, handles the over¬ 
flow of th(* final com* classifi(*rs. Conc(‘ntratf^ is dressed and 
amalgamated in barr(*ls. Tailings from amalgamation are 
pumped to the sand [)lant for furih(‘r tn‘atinc*nt. Forty-eight 
p(*r c(ait of th(* on* valm* is r('(*overt*d l)y corduroy concentration 
in the j)rimary and s(*condary grinding circuit. 

The overflow from tlie com* classifiers in tin* s(*condary grinding 
circuit shows a sic’ve grading of 0.17 ]H*r (*(*nt plus 48 M, 14.19 
per c(‘nt plus 100 M, 23.35 per cent plus 200 M and 61.57 per 
(rent —200 M. This i)ul|) is jaimpc'd to six Dorr 1k)w1 classifiers, 
8 by 35 V)y 23 ft. in dianu*t(*r, for s(*paration into sand, 35.21 
j)(^r cent of tin* total, and sliim*, 64.79 p(T c(‘nt. 

Bowl classifier and duph'x classifi(*r sands anr jnimpc'd to 
Butters-M(*in distributors, s(*rving 13 sand collectors, each 
60 ft. in diamet(*r by 12 ft. d(*ep, which, in turn, discharge the 
(•ollect(»d sand to 26 l(*aching vats, 60 ft. in diam(*t(*r by 10 ft. 
deep. Wlu*n a l(*aching vat is full, 250 tons of 0.06 p(T c(*nt KCN 
solution is pump(Hi on o\(*r a p(*riod of 6 to 7 hr. A seri(*s of 
saturations are pumped on until the charge is r(*ady for dis¬ 
charge. The ratio of solution to sand is 2.15 to 1. The residue 
assays 0.29 dwt. per ton. 

All sliim* overflowing the bowl classifi(*rs and the duplex 
classifi(Ts is coll(*cted in tw(Mity-two 70 ft. by 16 ft. by 7 ft. 6 in. 
con('-bottoim*d .s(*ttl('rs. Supernatant water is d(H*anted, and 
the slime transferr(*d to 14 Paehuca or Brown agitators, 12 of 
which are 22 ft. in diameter by 45 ft. de('p and two, 33 ft. in 
diameter by 45 ft. d(*('p. Cyanide is added at this point. 

In the agitators the solid content of the pul}) is held at 50 per 
cent. Sixteen hundred cubic feet free air per minute at 60 to 
70 lb. pressure is used in the treatment, and the total extraction 
is 93.68 per cent. After about 16 hr. treatment the pulp is 
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transferred to stock tanks, equipped with propcdler-type agitators 
and air jets. 

The filter plant consists of six Oliver vacnuin filters, 14 ft. in 
diameter by 16 ft. face wide, and a Butters installation of 976 
leaves, each 10 by 5 ft. The two dissimilar filt(‘r s(M*tions ojxTate 
independently in parallel, each bcang serv(*d by a separate pulj)- 
stock tank. 

Th(' six Olivers reejuire a))out 3045 tons barren-solution wash 
p(‘r 24 hr. and deliv(*r a 17 c(‘nt inoistun' cake, 'fhe Butters 
filters us(» about 7514 tons barren solutio/i per 24 hr. and yield 
a residue containing 28 per cent moisture. Tailings are puin))ed 
to wast('. 

Fifteen thousaiul tons pr(‘gnant solution tVom the sand and 
slime plants, at 1.30 dwt., is pr(rij)itat(‘d pcT 24 hr. with 0.05 
lb. zinc dust per ton, to a value of 0.01 dwt., by th<‘ ]\1(*rrill- 
Crowe system. lh*ecipitat(' is hosed (‘very 14 days from the 
Merrill l(jav(‘s with KMn 04 solution w(‘ak cyanide solution and 
is pumjK'd to vats for treatimuit witli 10 p(‘r c(‘nt Hi>S() 4 . Prt^g- 
nant solution is deaerat(*d b(‘fore jm'cipitation, and tla^ barren 
solution is a('rat(‘d Ix'fore rcMise. 

After acid treat irumt the j)r(‘ci})itat(‘ is wash(‘(l thn‘e tinu^s, 
press(‘d in Johnson pr(‘ssur(? filters, (*alcin(‘d and charg(‘d into 
No. 100 (rrucibl(\s with a flux of sand, borax and ma,ngan(‘se 
dioxide. Crucibh's, 30 ])(*r charge*, nanain in the furnace* 3 to 4 hr. 
and, wJien poured, yield bullion bars containing u]) to 1000 oz. 
of gold. Bars are refineal by a modified clilorine proce*ss, wliile 
slag is ground dry and run ove^r riflle's to recover possible* gedd 
for remelting. Final slag is assayed for gold, silve*r and jJatinurn 
and shipped to a smelter for further treatme*nt. 

The data below refl(*ct the* (*fficiency of op(‘ration, the* eonsunq>* 
tion of reagents and the solution str(*ngths througliout the 
plant. 


Recovery: 

Mill-head value. 

Residuf?-slime treatment. 

Residue total (sand and slime) 
Dissolv(?d value final tailing. . . 

Extraction total.. 

Reagent consumptions: 

Cyanide. 

Lime. 


3.76 dwt. p(*r ton 
0.112 flwt. per ton 
0.173 dwt. per ton 
0.02 dwt. per ton 
95.40 pf*r cemt 


0.189 lb. KCN per ton 
2.188 lb. CaO per ton 
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Note. —Small amounts lead acetate or nitrate added to pregnant solution 
before clarification and precipitation. 

Reagent strengths: 

Cyanide in agitators. 0.0120 per cent KCN 

Lime in all circuits. 0.0126 per cent CaO 

Sub-Nigel. —This mine is the property of New Consolidated 
Goldfields and is located in the extreme southeastern area of the 
present large tonnage operations of the East Rand. Andrew 
King, consulting metallurgist, supplied the following data: 

The plant is an all-slime plant of 2000 tons daily capacity, 
milling six days per week and cyaniding through seven days. 
The ore averages 15 dwt. gold and 1.5 dwt. silver per ton and 
about 2.7 per cent pyrite. 

The ore is washed on three short, inclined belts after it has 
passed a 2 ? 4 -in. opening grizzly and two double-deck screens. 
Two wash belts carry the minus 2?4-in. plus \%-An. sizes and 
discharge on to parallel picking belts, and a third belt carries 
the plus 2'?i-in. material and discharges on to a third picking 
belt. Waste and pebbles for grinding are sorted from the 
coarse sizes on the single' l)elt and some waste and pebbles are 
sorted from the two befits carrying the finer material. 

The largest material is minus 9-in. bar grizzly opening. Screen 
undersize minus I'^i-in. plus ^T^-in. goes over a washing grizzly 
to crusher feed bins ahead of four No. 7 Newhouse crushers. 
Minus • matc^rial goes to mill feed bins where it is joined by 
the Newhouse crusher product. 

Washings go to a Dorr F classifier with the classifier rake 
product going to mill feed bins and the classifier overflow to a 
50-ft. Dorr thickener, which overflows clear water to storage for 
reuse. The thickener underflow solids are pumped to the 
secondary grinding circuit. 

Fine grinding is done in ball-and-tube mills in two stages. 
Primary reduction to 50 to 55 per cent —200 mesh in four ball 
mills 6 ft. 6 in. by 9 ft. and four tube mills 6 ft. 6 in. by 20 ft. in 
closed circuit with eight Dorr F single-stage classifiers. Second¬ 
ary reduction is to 85 to 90 per cent —200 mesh in five tube mills 
6 by 20 ft. in closed circuit with six type F Dorr bowl classifiers. 

With the shortage of pebbles on the East Rand, SuIvNigel in 
late 1935 and early 1936 installed four primary 6 ft. 6 in. by 9 ft. 
ball mills and will thereby conserve pebbles for the secondary 
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grinding operation. These units replace four primary tube mills 
6 ft. 6 in. by 20 ft. Composite loads were tried in the primary 
tube mills and found unsuitable on account of poor ore pebbles. 
All-pebble loads are used in the four primary tube mills and in 
the secondary mills. 
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Fio. 119a.—Blow-sheet, crushing, washing and sorting, .Sul)-Nigel. 


Cyanide strength in the grinding circuit is maintained at 
approximately 0.002 per cent KCN. Corduroy tables in the 
primary circuit recover 55 to 60 per cent of the total gold. 
Corduroy concentrate is put over a Wilfley table. The table 
concentrate is amalgamated. Table tails are returned to the 
grinding circuit. 
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The pulp from the secondary circuit overflows the bowl classi- 
.fiers and gravitates to eight thickeners, three 50-ft.-diameter 
Dorr connected-type tray thickeners, and five 50-ft.-diameter 
Dorr unit-type thickeners. The underflow from each tray 
thick(^ner is controlled by a Dorreo quadruplex suction pump, and 
each unit thickener by a Dorreo duplex suction pump. 


Mi// bin 



Fio. 1196. Flow-sheot, milling nnd treatmont, SulvNigel. 


All thickeners are equipped with Bowley drives. Sufficient 
pulp is accumulated in the thickeners over the six-day milling 
week to keep the cyanide plant in operation during the seven 
da3rs. 

Suction diaphragm-pump discharges gravitate to a tonnage- 
measuring box where constant check on mill tonnage is made. 
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From this box the pulp gravitates to the suction of a 10-in. 
Morris pump where strong cyanide is added and the pulp, averag¬ 
ing about 1.65 sp. gr., is pumped to a two-way distribiitor ahead 
of eight agitators in parallel rows of four each. Pulp enters the 
agitators at 1.35 to 1.38 sp. gr. 



The heads at the distributor average 6 dwt. gold and the solu¬ 
tion carries 0.025 per cent lime and 0.028 per (rent KCN. 

The agitators are 50 ft. diameter by 12 ft. depth at the outside 
and 16 ft. depth at the center. The period of agitation is 
approximately 42 hours. 
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The last two agitators are interconnected and discharge to 
seven Oliver filters, three 14 by 16 ft. and four 11 ft. 6 in. by 14 ft., 
where, after dewatering and a barren-solution wash, the cake is 
discharged at about 27 per cent moisture. 

The filter cake is repulped and gravitates to a disposal area 
from which clear barren solution is pumped back to mill solution 
tanks. The filtrate is clarified in five sand clarifiers, two of 
40-ft. diameter and three of 30-ft. diameter, with sand beds 
18 to 24 in. deep. The sand beds are made up from rake product 
of the primary classifiers. 

After clarification, the rich solution goes through Merrill-Crowe 
precipitation system. Zinc dust consumption is 0.1 lb. per ton 
of ore. Precipitation ratio 1.7 to 1. Rich solution is to 
4 dwt., barren solution 0.02. Over-all recovery is 98.3 per cent. 
Lead acetate is added prior to filtration. 

The gold mud from the Merrill-Crowe pre?cipitation system and 
the amalgam are furnaced down to gold bricks of 1000-oz. each, 
whi(di are shipped to the Central Rand Refinery. 

Wanderers—Selukwe, Southern Rhodesia. —The ore from 
this mine is from a crushed zone of shale between banded iron¬ 
stone and conglomerate mineralized by quartz carrying auriferous 
pyrite. 

Mill heads are 0.225 oz. gold and 0.010 oz. silver per ton. 
There is a small quantity of copper. Crushing is in two stages 
through Hadfield 30-in. by 15-in. jaw crushers and through 
36-in. Helga disc secondary crushers to ! 2 in. 

Grinding is in two stages with one 6- by 20-ft. and three 5 ft. 
6 in. by 22 ft. primary tube mills in closed circuit with three 
7- by 6-ft. cones and one secondary tul)e mill 5 ft. 6 in by 2 ft. in 
closed circuit with a Dorr bowl classifier with 15-ft.-diameter 
bowl. 

Concentrates from eight Record vanners in the primary cir¬ 
cuit are roground in a concentrate tube mill 5 ft. 6 in. by 18 ft. 
with blanket tables in the circuit. Concentrates from the 
blanket tables go to barrel amalgamation. 

Pul]) from the bowl classifier is thickened in three main Dorr 
thickeners 30 by 10 ft. with underflow to three main Dorr 
agitators, two 40 by 10 ft. and one 50 by 12 ft. Here it is joined 
by the pulp overflovving the cones in the concentrate regrind 
circuit which has been thickened in a 30- by 10-ft. Dorr thickener 
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and passed through two Dorr concentrate agitators each 16 by 
8 ft. 

Agitation is for 32 hours at approximately 40 per cent solids 
and pulp from agitation is filtered direct on two Oliver filters, 



Fig. 120. —Flow-shoet, Wanderers’ Consolidated Gold Mines, Ltd. 


one 11 ft. 6 in. by 16 ft. and one 14 by 16 ft., to a cake moisture 
of 18 per cent. 

Barren-solution wash on the filters is followed by a wash with 
combined fresh water and return solution from the slime tank. 
Filter cake is repulped and pumped to the residue dam. 
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Rich solution, value 1.0096 dwt. per ton, from the filter station 
goes to a Merrill-Crowe system. One thousand six hundred and 
eight tons per 24 hr. are precipitated to barren solution of 
0.0085 dwt. per ton. Zinc dust consumption is 0.097 lb. per ton 
of ore. 

Grind is to 85 per cent — 200 mesh, with a concentrate regrind 
to 98.35 per cent — 200 . The ore is ground in cyanide solution. 
Cyanide strength at the first agitator is 0.03 to 0.04 per cent 
KCN. Consumption of cyanide per ton of ore is 0.567 lb. 

Protective alkalinity is carried at 0.280 lb. CaO per ton of 
solution with a consumption of 2.955 lb. CaO per ton of ore. 
Lciad a(!etate or nitrate is added at No. 1 concentrate agitator, 
2 lb. per shift; No. 1 agitator 2 lb. per shift; solution clarifier 
1 lb. p<‘r shift. Dissolved value loss in the final solution is 
0.022 dwt. per ton and undissolved value is 0.429 dwt. per ton. 

Recent information from Andrew King, consulting metal¬ 
lurgist, is to the effect that Wanderers’ practice has just recently 
b(i(*n changed and now includes flotation with flotation tails to 
waste and cyanidatioii of reground concentrate. More detailed 
information is not yet availabh*. 

West Rand Consolidated. — C. S. McL(*an, general manager, 
furnished the following flow-sheet and information: 

The capacity of the mill is 120,()0() tons per month (4000 tons 
per 24 hr.); mill heads 4.7 dwt. gold, 0.45 dwt. silver, 3.1 per 
cent pyrite. 

Primary crushing is done in a Hadfield jaw crusher 30 by 18 in. 
set at 8 in. and operating 24 hr. a day. Primary screening is in 
trommels with 2'2-iii- holes. Pebble sizing is in trommels. 
Secondary crushing is done in Newhous(» gyratory crushers set 
at 1 in. Sorted rejects are 600 tons primary, 20 tons secondary. 

Crushing plant screening is on .sec^ondary Robins Gy rex screens 
with I openings and on tertiary Vibrex and Gyrex screens 
with •‘^ 4 -in. openings. Natural fines of —^*4 in. and imder.size 
— ?4 in. from secondary crushers go to the new tube mill plant. 
All -j-'^i-in. material goes to 100 stamp mills that serve as tertiary 
crushers, and thence to the old tube mill plant. The dewatering 
screens are Hum-mers with No. 10 screen cloth. Mill storage 
bins have a capacity of 5000 tons. There are seventeen primary 
tube mills—eleven 6 ft. 6 in. by 20 ft., five 5 ft. by 16 ft., one 
6 ft. by 16 ft. 
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In the new plant there are eleven Dorr straight classifiers— 
eight 8 ft. by 18 ft. 6 in. and three 8 ft. by 13 ft. In the old 
plant are six Dorr straight chissifiers 4 ft. 6 in. by 18 ft. 6 in. 
Primary separation is at 48 mesh. 
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Fig. 121a.—West Hand Consolidated, general flow-sheet (first soetion). 


One 6-ft. diameter Hardy Smith jig is inserted in each primary 
tube mill receiving most of the mill discharge and making a 
concentrate at 13 per cent pyrite and 15 dwt. gold. Total tons 
of concentrate equal 610. 

There are four Dorr bowl classifiers in the secondary circuit, 
each 6 ft. by 26 ft. 8 in. by 16 ft. diameter liowl, making separa¬ 
tion at 100 mesh. 




X X 
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There are four 6-ft. Hardy Smith jigs receiving the rake product 
from the four bowl classifiers, making a total of 80 tons of con¬ 
centrate running 13 per cent and 15 dwt. gold. 
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Fui. 121/;.—W’^oBt Rand Consolidated, general flow-sheet . {Continued,) 

Sieve grading of final (Dorr bowl) classifiers is as follows: 



The sands go to six sand tanks 42 ft. by 8 ft. and twelve 
sand tanks 40 ft. by 12 ft. 
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Solutions and washes are as follows: 



Key 

Aik. 

Dwt. 

Tons 

solution 

piu’ 

tank 

Strong NaCv solution used. 

' 0.055 

0.023 

2.0 

320 

Medium NaCy solution used. 

0.009 

0.024 

2 0 

340 

Precipitated NaCv .solution used. 

0.014 

0.025 

0.02 

450 

Water wash used. 


.. 


30 

Total. 




1140 

Hand re.sidue average value 0.25 dwt. 

Last drains average value 0.10 dwl. 

Ratio. 




2.51 

. . . . -j- 


The slimes go to eight standard slime colh'ctors 50 ft. by 12 ft. 
and six Dorr thickeners 50 by 12 ft. Thc^ pyrite concentrate 
goes to a separate treating plant (see Fig. 122). 

Thickened slimes are batch agitated in six Brown tanks with¬ 
out center column—diameter 22 ft., depth of cone 18 ft. 3 in., 
depth of cylinder 35 ft. Specific gravity of pulp is 1.37, per 
cent solids 42.9, total hours contact 10, cubic feet of free air piM 
minute total 2000, air pressure 35 lb. 

Agitator discharge is filtered direct on six Oliver filters, 14 ft. 
diameter by 16 ft. long. Cake moisture is 26 per cent and 0.692 
ton of barren-solution wash per ton of slime. Barren wash w^ater 
is 0.1 ton per ton of slime. 

Loss of dissolved value in final tailing -slimes only--is as 
follows: 

Gold. 140 shillings per oz. Gold. 0 .189 shilling per ton 

Silver. 2 shillings per oz. Silver. 0.0003 shilling per ion 

Total. 0.1893 shilling per ion 

Loss of undissolved value in final tailing—slim(*s only—is as 


follows: 

Gold. O .G37*Hhilling per ion 

Silver. 0.0009 shilling per ton 

Total.. 0.6379 shilling per ton 
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Over-all extraction for the whole plant—sand, slime, p 3 Tite— 
is 96 per cent. Value of pregnant solution—3.04 dwt. at 7 
shillings per dwt.—is 21.28 shillings; value of barren solution 
at above metal value, 0.14 shilling. Tons precipitated per 
24 hours, 4000; zinc consumption, 0.049 lb. per ton of ore. 

The Merrill-Crowe system is used. Gold slime is washed from 
the Merrill press leaves and transferred to an acid tub and 
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Fi(i. 122. West llaiicl Consolidated, flow-sheet of i>yrite mill. 


sulphuric acid is addt^d. After decanting and water washing, 
gold slime is put through a pressure filter. The filter cake is 
calcined, then smelted with sand, borax and Mn 02 in a reverbera¬ 
tory furnace. Buttons are remelted with borax. In the clean-up 
mill mercury is retorted from the amalgam and the gold smelted 
with borax. 

Concentrates from rougher jigs in the tube mill circuit go to 
cleaner jigs. Concentrates from cleaner jigs go to James tables, 
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from which the gold streak goes to amalgamation and concentrate 
via corduroy tables to the ball mill regriiid. Corduroy con¬ 
centrate also goes to amalgamation. Rcground pyrite (85 per 
cent FeS-i) is treated in Crosse tanks. Residue at 0.9 dwt. 
is settled, decanted, water washed and filtered on an Oliver filter. 
The filter cake is dried, shipped and sold. 

Cyanide is added at the tube mills in the new plant and at the 
stamp mills in the old plant. The strength of cyanide solution 
entering agitators is 0.28 lb. KCN per ton solution. Consump¬ 
tion is 0.11 lb. KCN per ton of ore. The ov er-all consumption 
of cyanide in the whole plant is 0.214 lb. i)er ton ore. 

Protective alkalinity is 0.28 lb. CaO per toi'. solution entering 
the Brown agitators. The consumption of lime in thes*^ agitators 
is 0.13 lb. per ton ore. The over-all consumption of lime in the 
whole plant is equal to 1.694 lb. per ton ore. Linu^ used is 90 
per cent CaO. 

Other chemicals consumed are lead nitrate, 0.012 lb. per 
ton of ore, added at the Merrill press(»s and also in thepyrit(^ plant 
at Crosse tanks and to tlu^ sand charges. Potassium per¬ 
manganate, 0.012 lb. per ton of on^, is add(‘d at th(i crusher 
station and at the Dorr bowl (dassifiers. In treating gold slime 
0.049 lb. sulphuric acid pcT ton ore is us(^d. 

Dissolution in the treatment plant shows - 

Slime eriiering thickeners. 1.75 dwt. (wnshed) 

Slime leaving thickeners. 1.20 dwi. (washed) 

Slime entering filters. 0.182 dwt. (washed) 

Slime leaving filters. 0.091 dwt. (washc^d) 

West Springs Mill. —The West Sjjrings mill in South Africa 
receives about 4000 tons per day of which api)roximately 340 tons 
is discarded by sorting. 

Crushing is done by two 6-N Gates gyratory crushers and one 
7-ft. Newhouse gyratory crusher. These produce, a feed which 
is about 80 per cent minus 1 in. 

Primary grinding is done in nine tube mills, 9 ft. 9 in. by 20 ft., 
in closed circuit with 8-ft. by 18-ft. 4-in. Dorr duplex classifiers. 
A circulating load of about 1.2 to 1 is carried. The plus 
product screened from the tube-mill discharge is reground in 
three Hecla disc crushers. The primary classifiers overflow at 
24.2 per cent plus 48 mesh and 35.7 per cent minus 200 mesh. 
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This overflow goes to two Dorr bowl classifiers, 8 by 30 with 
20-ft. diameter bowls, in closed circuit with four 6.6- by 20-ft. 
tube mills. These classifiers rake about 2600 tons sand per day, 
and since their installation improved operation through selective 
grinding of sulphides has been noted. 

The secondary mills are loaded with a mixture of 2-in. cast- 
iron balls and plus l)^-in. reject pebbles from the primary tube 
mills. Bowl overflow is 9.5 per cent plus 100 mesh and 65.8 
per cent minus 200 mesh. 

The pulp is thickened in seven 70- by 12-ft. plain tanks and is 
discharged at 30 per cent solids. 

Agitation after thickening is done at about 52 per cent solids 
in eleven 45- by 15-ft. Pachuca agitators. Total period of 
agitation is 8}4 hr. From 850 to 900 cu. ft. free air per min. is 
supplied to the agitators at 35 lb. per sq. in. pressure. Filtration 
is on 490 Butters filter leaves, 4050 tons per day barnin-solution 
wash being used. 

Tailings losses are given as 1.66 pence (3.12 cts.) soluble and 
1.109 shillings (26.3 cts.) undissolved per ton. 

Zinc dust is used to precipitate 3800 tons of solution per day 
assaying 3.5 dwt. per ton. 

Solution strengths are 0.298 lb. KCN and 0.36 lb. CaO per 
ton solution, and the consumption amounts to 0.28 lb. KCN 
and 1.75 lb. CaO; in addition, lead nitrate is added in the follow¬ 
ing amounts: 10 lb. per shift to the tube mill; 5 lb. to each 
Pachuca agitator and 2 lb. ahead of precipitation. 

COMPLEX ORES 

This section of the chapter on ore treatment covers the treat¬ 
ment of complex ores, such as those containing arsenic, copper, 
manganese, pyrrhotite and tellurides, with illustrations from 
actual practice. 

The Use of Mercury in the Cyanide Process 

South American Development Company. —The following 
notes are taken from a private communication from Paul C. 
Schraps of Oakland, Calif., describing his patented cyanide- 
mercury process, as developed by him for the South American 
Development Company at Porto Velo, Ecuador. 
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The ores of these mines are roughly classified as (1) calcitic 
quartz ores and (2) complex ores. The process in question was 
developed to treat the complex ores, containing up to 30 per cent 
of sulphides consisting of galenite, sphalerite, pyrite, chalcopyrite, 
pyrrhotite and tetrahedrite; also quartz, calcite and native 
copper. 

The relatively simple calcitic quartz ores were aineMa})le to 
straight cyanidation, which yielded a 95 per (rent recrovtTy of tla^ 
gold. The complex ores, however, under t(»st plant conditions, 
did not react well to any type of cyanid(‘ treatment, the maximum 
recovery obtained being about 85 per cent, (*V(»n wlien grinding 
to 200 mesh. Flotation in combination with (‘yanidation did 
not increase extraction appretjiably ami direct shifanent of 
concentrates was prohibitive in cost in view of tlur isolatenl 
location of the mine. 

Stamping, grinding and classifying to 80 per (r(*nt —200 mesh 
in cyanide solution, followed by thick(rning, rc^sult in a 00 per ci‘nt 
dissolution of gold. 

Dilution of thickcmer umh^rfiow with cyanid(‘ solution to a 3 
to 1 ratio of solution to solids by weight is followird by trcratinent 
in 4- by 10-ft. cylinders, revolved at 17 r.i).m. and containing 
50 lb. or less of metallic; nionrury, with the discrhargcrd pulj) passed 
over tables to catch entrained mercury. 

There is thickening of the tabled pulp, followed by agitation 
for the further recovery of silver and finally counteu-current 
decantation in a series of thic.kcmers. 

The capacity of the 4- by 10-ft. n^volving cylind(rrs was 
50 dry tons per 24 hr. The final extraction of gold was as high as 
97 per cent. Amalgamation, strictly speaking, was not involved, 
since the same charge of mercury was used in the cylinders for 
25 days of continuous operation, wdiereupon it was strained and 
re-used with a yield of only a few ounces of amalgam. 

According to the inventor, contact of the gold with the metallic 
mercury accelerates the dissolving action and at the same time 
puts the refractory gold in suitable condition for dissolution in 
cyanide solution. The explanation may lie in the gold’s being 
coated with some substance that prevents the solution from 
coming in contact with it without the mediumship of metallic 
mercury. The soluble mercury salts gave negative results, both 
in the laboratory and in the test plant. 
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This process was developed in 1928 for the treatment of the 
complex ores in a separate circuit, which gave quite satisfactory 
results with upwards of 10 per cent increased extraction, as 
compared with straight cyanidation. Cyanide consumption was 
quite higli, but the treatment with mercury, as well as cyanide 
regeneration, reduced this cost to a reasonable figure. 

In the present flow-sheet the complex ores are mixed with the 
quartz ore and the same treatment is given the mixed ore through 
the grinding circuit. Following grinding the ore is classified and 
the fine sands concentrated on tables, after which the concentrate 
is treated in the mercury cylinders. Tailing from the mercury 
treatrruiiit is agitated in a somewhat higher strength cyanide 
solution than is used in the main mill circuit. After agitation 
the agitator discharge goes into the general mill circuit for 
continuous countercurrent washing. 

During 1935, 35 per cent of the mill heads consisted of comple>x 
ore; mercury consumption averaged 0.015 lb. per ton of ore at a 
cost of 0.012 ct. per ton. 

Aksenopyrite in Ore 

The profitable treatment of 1400 tons per day of ore containing 
$9 in gold, 50 per cent silica, 2^ per cent arsenopyrite and 3 
per cent iron pyrite at Wiluna, Western Australia, is noteworthy. 
After flotation the tailing is discarded, and the concentrate 
treated by roasting, grinding and cyanidation. Milling and 
treatnu'iit costs arc low, at around 7 shillings ($1.68) per ton of 
ore, and rec^overy exceeds 90 per cent. The arsenic is saved and 
refined. Various treatments have been given the arsenical ores 
from the Cam and Motor, Rhodesia (also antimony bearing); 
Hedley, British Columbia; Jardine, Mont.; Keystone, S.D.; 
La Belliere, France, and Passagem, Brazil. All made a concen¬ 
trate which was treated ra\v, shipped to the smelter or roasted 
and cyanided. 

Cam and Motor. —The ore of the Cam and Motor mine in 
Rhodesia presents many metallurgical problems. It contains 
quartz with silicate of alumina, carbonate of lime and magnesium 
and iron P3rrite, arsenopyrite and stibnite intimately mixed. 
The antimony, magnesia and arsenic make the ore difficult to 
cyanide. Prior to 1919, treatment following Kalgoorlie practice 
and consisting of all-dry crushing, roasting, sliming and cyaniding 
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gave an extraction of 74 per cent. Since then, several changes 
have been made in the treatment, the present method recovering 
90 per cent of the gold, according to Digby BuriH'tt, general 
manager and consulting engineer. Briefly the flow-sheet is 
as follows: 56 Nissen stamps crush the ore aft(T which 17 Record 
vanners carry out primary concentration. Eight Dorr classifiers 
handle the vanner tailings and pass the coarse mat(*rial to five 
tub(‘ mills. After regrinding, 19 lleciord vanners pi‘rlorin the 
secondary concentration, and all concentrates are reconcentrated 
on three Record vanners. The concentrat(‘s theti pass to amalga¬ 
mating barrels and chopper plates and eventually to the roasting 
furnaces. The classifier overflow passes over 2600 s(p ft. of 
blankets, thence to three cones and nine thickeiu^rs tin* under¬ 
flow from wiiich is pumped to 28 James slime tabl(\s and six 
.Jam(‘s slimc-reconcentrating tables. The concentrate from all 
tabl(\s is roasted in five Edwards duplex roast(Ts. Weight loss 
during roasting is 12 per cent, and valu(‘ loss 4 per cemt. Con¬ 
centrates assay 22.25 dwt. per ton after roasting and an* giv(*n 
a 14-day treatment with a solution containing 3.0 lb. per ton 
KCN and 1 lb. per ton CaO. All otluir pulp, after concentration, 
is wasted. 

An interesting feature as described by Digby Burn(*tt in M.M., 
October, 1935, is the weathering and retreatment of th(* cyanided 
concentrates. They arci left on the dump for 6 months and then 
reground and given a second cyanide treatment in slime tanks 
and sand vats. An additional 2 pcT cent extraction is cn*dited 
to this operation. 


Pyrite in Ore 

The Canyon Corporation. —The so-called blue ores of South 
Dakota have long represented a difficult treatment problem. 
In 1935, the Canyon Corporation erected a 125-ton roasting and 
cyanide plant on the Maitland mine near Deadwood and with 
only a few months of operation report quite satisfactory results. 

The Maitland ore bodies occur in fractures in dolomite and 
consist of hard, glassy quartz containing extremely finely dis¬ 
seminated pyrite with which the gold is associated. The pyrite 
grains vary from 2 to 3 mm in diameter to as low as 0.001 mm 
and probably finer. 
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Carefully controlled roasting is necessary in order to prepare 
the ore for satisfactory cyanide treatment. The theory on 
which the roasting practice is based is slowly to heat in an 
oxidizing atmosphere to burn off the first sulphur atom and 
continue at this temperature to form iron sulphate. After 
the sulphate is formed, the temperature is increased above the 


L/rc 
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On^ bin 



Flu. 128. - Flow-sheet, Maitland mine, Canyon Corporation. 

decomposition point of the sulphate until the iron is converted 
to Fe208. By experiment, a temperature curve has been 
developed to control the roasting. 

Figure 123 shows the general flow-sheet of the plant. Follow¬ 
ing preliminary crushing to 1 J'2 i^^*> the ore is dried in a cylindrical 
dryer and further crushed to 6 mesh after which it is roasted in a 
64-spindle, oil-fired Edwards roaster, cooled and immediately 
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added to cyanide solution in the fine-grinding section where it 
is ground in closed circuit through 100 mesh, with 70 per cent 
minus 200 mesh agitated with a change of solution between the 
second and third agitator and washed in a standard c.c.d. plant. 

The cyanide consumption including mechanical loss in the 
tailing runs from 1.0 to 1.1 lb. per ton ore, and the lime consumi> 
tion from about 10 to 12 lb. per ton. Extraction runs (tlose to 
85 per cent on a head slightly less than H oz. gold per ton. 

The roasted ore settles readily to from 5S to 60 per cent solids 
in the thickeners. Extraction takes place slowly throughout 
the agitator series probably owing to extr(*mely fine distribution 
of values in the ore and to incomplete oxidation of all i)ortioiis 
of the sulphides. 

The cost of preliminary crushing and drying runs slightly over 
50 cts. per ton and of roasting from 55 to 60 (‘ts. per ton. 

Pyuuhotite in Okk 

The methods used at the Hom('stake and at Morro Velho 
represent the special treatment made necessary by pyrrhotite 
ores. In the ores of both mines, the gold occurs free and asso¬ 
ciated with p 3 rrrhotite and pyrite. Arsenopyrite is j)r(isent 
also. Many other mines produce ore in wliich pyrrhotite is a 
constituent. The ores at Porcupine, in tho Kolar distri(;t and 
on the Rand show pyrrhotite, but its effect is not so pronounced 
as at the mines already mentioned. 

The notes following are abstracted from articles by A. J. 
Clark, metallurgist for the Homestake Mining Company, in 
E. and MJ., Oct. 12, 1931; and by J. H. Fr(;nch and Harold 
Jones of the St. John del Rey Mining Company in BuL LM, and 
M., December, 1932, and February and March, 1933. 

Homestake Treatment. —Among the minerals containing iron 
in the ferrous state are pjrrrhotite, chlorite, cummingtonite (an 
iron-magnesium amphibole) and a dolomitic carbonate. Some 
of these carry as much as 30 per cent iron. Arsenopyrite is 
also a constituent. These minerals oxidize rapidly, perhaps 
it would be more precise to say steadily, as the action continues 
seemingly throughout the treatment cycle. In oxidizing they 
generate cyanicides and withdraw oxygen from thc^ working solu¬ 
tions. Cyanidation must be applied immediately after comminu- 
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tion, and oxygen must be supplied from time to time to maintain 
dissolution of the gold. Crushing in water, rather than in 
cyanide solution, is desirable. 

The fundamental requirements for cyanidation of Homestake 
ore, established in the early years of this century, are the same 
today, according to A. J. Clark, metallurgist, in E, and M.J,, 
Oct. 12, 1931. These fundamentals are: (1) Amalgamation Ls 
suitable for saving much of the gold; (2) ferrous compounds in 
many of the gangue minerals necessitate careful chemical and 
mechanical preparation of the pulp for cyanidation; and (3) 
the iron sulphides and arseiiopyrite yield their gold readily and 
at fairly coarse sizes; the nonsulphide minerals, even when 
finely ground, yield gold reluctantly. As details of leaching 
and other features of treatment are given in other sections of 
this book, only a generalized description follows here. 

Crushing. —Mine-run size ore is first crushed underground in 
one shaft and on the surface at another shaft. Second-stage 
crushers at the surface of both shafts produce to 2-in. ore 
for the stamps. Crushing costs 3.8 cts. per ton. 

Only the South mill of 180 stamps is now at work. It crushes 
3800 tons daily. The stamps weigh 1570 lb. each when new, are 
arranged in two rows back to back with ore bin between and 
each group of five is driven separately. They crush up to 21 tons 
each per day. 

Amalgamation .—This is done now in Clark-Todd amalga¬ 
mators, 10 of which are in the rod-mill circuits. Mercury is 
fed to these mills, and about 63 per cent of the gold is recovered 
at this stage. The remaining free gold is fine enough for dissolu¬ 
tion in cyanide. 

Grinding ami Classification .—The discharge from the stamps 
goes to dew^atering cones, the underflow of which is fed to Allis- 
Chalmers and Marcy rod mills, which are in closed circuit with 
Dorr classifiers. 

Overflow from the rod-mill section amounting to 1000 tons 
per day is dewatered in a second series of cones. The underflow 
from the cones is ground in Allis-Chalmers tube mills in closed 
circuit with Dorr classifiers. The pulp advances to gravity and 
hydraulic cones, the underflow of which is sent to sand-leaching 
vats. Overflow from the last four sets of cones passes to dewater¬ 
ing tanks and is then thickened in Dorr machines. This section 
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of the plant will eventually conform to the following arrangement 
which handles 2800 tons per day. 

Rod mill pulp goes to Dorr bowl (jlassifiers. These are used 
instead of dewatering cones and provide the fe(»d for the* secondary 
grinders—Marcy ball mills. The ball mills are in elost^d (*ircuit 
with Clark-Todd amalgamators and Dorr rake classifiers, from 
which 1200 tons go(\s to Dorr bowl classifiers. I'liesc* effect 
separation of the sand and slime at about 200 mesh for t yaniding 
separately. 

Stamping and milling cost 27.6 cts. per ton. 

Cyanidation .—The next step is tr(>iatin(^nt of tiu* sand and 
slime. The sand assays $2.50 per ton and is all finer than 50 
mesh, and 53 per cent passes 200 mesh. It i - cyanich'd by a(^rat- 
ing, leaching and washing and is finally sluic(‘d out of the vats. 
The slime, 99 per cent of which is finer than 200 mesli, is treated 
in Merrill presses. 

Precipitation .—The gold is precipitated from all solutions by 
zinc dust, the Merrill-Crowe process being us(h1. 

Extraction ami Cod .—The total extraction is almost 94 per 
coiit—62 per cent by amalgamation, 21 p('r (^(»nt by sand treat¬ 
ment and 10 i)(;r c(?nt by slime treatment. The total tn^atment 
cost is 50 cts. per ton. The consumption of mercury is 0.128 oz.; 
cyanide, 0.27 lb.; zinc dust, 0.06 lb.; and lim(‘, 3.12 lb. per ton 
ore treated. 

Morro Velho Treatment. —The following information pertain¬ 
ing to Morro Velho practice was supplied by A. H. Millett, 
manager and superintendent, and is also from tlu? bulletin 
“Reduction Works Practice at Morro Velho, Brazil,” by Jack H. 
French and Harold Jones. 

At the mine of the St. John del Rey Mining Company, Ltd., at 
Morro Velho in Brazil, the pyrrhotite has been for years the stumbling 
block, and it is still so little understood as to l)e capable, on occasion, of 
playing ”tricks” without warning. 

References to the action of pyrrhotite on cyanide solutions are rare in 
standard textbooks on cyanide metallurgy. If mentioned at all, it is 
often included with pyrite and marcasite under the heading of “iron 
sulphides,” although its effects are even worse, owing to its ready liabil¬ 
ity to oxidation. . . . 

The important minerals in Morro Velho ore are 20 f)er cent silica, 
32 per cent iron, 15 per cent sulphur, 3}^ per cent arsenic, 18 per cent 
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lime and per cent magnesia. It consists of a finely crystalline 
admixture of quartz, calcite, dolomite, siderite, ankerite, pyrrhotite, 
pyrite and arsenopyrite with some chalcopyrite and traces of other 
metals. . . . 

Pyrite and arsenopyrite are the only minerals present in any definite 
crystalline form, as visible to the naked eye, whereas the other minerals 
occur as a fine-grained mass, chalcop 3 rrite having a tendency to segre¬ 
gate. . . . Pyrrhotite is the predominating sulphide, readily recogniz¬ 
able by its rapidly tarnishing to all shades of steel blue, pinkish red, and 
yellowish-brown. Chaimersite, a copper pyrrhotite, was first recog¬ 
nized here. . . . 

The gold content of the ore averages 12 dwt. per long ton, and the 
silver content 4 dwt. The metals occur in a finely divided condition 
as a native alloy of 77 per cent gold and 23 per cent silver. Visible 
gold is rare. . . . 

Microscopic examination of polished surfaces of the ore under reflected 
light reveals that gold is most generally associated with arsenopyrite 
and in contact with pj^rhotite . . . similar to the relation of gold to 
pyrite and pyrrhotite mentioned by Paige in BuL 705 (1924) of the 
United States Geological Survey. 

Pyrrhotite, which has the general formula Few Sm -|- 1, differs in com¬ 
position from iron pyrite and many other sulphide materials, inasmuch 
as one sulphur atom appears to l>c loosely held in chemical composition 
and is easily capable of forming additive compounds, such as sodium 
thiocyanate, NaSC'N, from cyanide. (On weathering,the mineral 
readily yields elemental sulphur.) The [FeS] remaining is particularly 
prone to oxidation, forming ferrous and ferric sulphate, which interact 
with cyanide to form complex cyanides. These reactions show that 
pyrrhotite is not only a powerful cyanicide but also tends to rob the 
cyanide solution of much of the oxygen necessary for gold dissolution. 

. . . The extreme susceptibility of pyrrhotite to rapid oxidation is 
well-known, this being enhanced by its frequent occurrence as minute 
crystals, which disintegrate to a substantial extent in the early stages 
of grinding, so that the latent acidity develops quickly and is difficult 
to control satisfactorily later, unless contra measures are taken. 

Ores containing pyrrhotite are alw^ays difficult to treat satisfactorily 
by cyanide owing to the easily decomposable nature of that mineral. 
Pyrrhotite, if kept dry, is stable but in most atmospheres breaks down 
rapidly, and in contact with water the rate of decomposition is still 
more accelerated. The action is essentially one of part oxidation, and 
the products are not dissimilar from those which occur when pyrite or 
marcasite are weathered. . . . The main difference is that the rate of 
decomposition of pyrrhotite is markedly greater than that of the other 
common pyritic minerals . . . and larger quantities of ferrous com- 
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pounds are formed and to be dealt with than is usually the case with 
nonpyrrhotitic ores. 

Ore treatment at Morro Velho is complicated. About one- 
half of the gold is liberated in grinding as finely divided metal 
but not amenable to amalgamation; hence an elaborate system 
of concentration is employed to recover the maximum amount 
before cyanidation. By concentration 58 per c(‘nt of th(‘ gold 
is saved, and by cyanidation 32 per cent. The ore average* is 
12 dwt. per long ton in gold and 4 dwK in silv(*r. The cost of 
treatment is 68)2 pence ($1.37) per ton. Details cf individual 
operations follow. 

Crushing. —First-stage breakers reduce the mine ore to 5 in. 
Grizzly undersize and the crusher prodiu^t pass through a 
trommel which delivers 2-in. ore to a picking table, where 4 
per cent is rejected. Second-stage breakers reduce the large 
pieces to 2 in. The 140 stamps crush 5 tons a day each. With 
30-mesh screens, the duty is 7 tons. A sieve t(‘st of the stamp- 
mill product gives 6.5 per cent on 60 mesh, 10.5 per cent on 100 
mesh, 27.1 per cent on 200 mesh and 55.9 per cent through 
200 mesh. 

Concentrating .—The stamp-mill product is run over triples 
deck canvas strakes set at a slope of l^js iii- per ft.; by an intricate 
system of so-called “ concentrationand **n*(oncentration” 
about 60 per cent of the gold is re(‘ov(Ted at a cost of only 2 to 
2^2 pence (4 to 5 cts.) per ton ore milled. 

Classifying and Grinding .—Spitzkasten classify all the pulp 
from the canvas strakes. Cones thicken the coarse sand for 
grinding in tube mills. Of the tube-mill product, 65 per cent 
is finer than 200 mesh, and it is all pass(jd over canvas to catch 
any gold that has been released in grinding. All pulp is finely 
separated into sand and slime in V-boxes and run to separate 
settling tanks. 

Cyaniding .—Thick pulp from the sand sc^ttlers or charges 
and from the slime tanks is taken to fourteen 40-ton mechanical 
agitators provided with a low-preasure air supply. Cyanide is 
added here, bringing the solution strength to 0.27 per cent 
NaCN. Agitation proceeds for 12 hr. The .sand and slime are 
next water washed on leaf filters, sands for 35 to 50 min. and slime 
for 40 to 95 min. If the sand and slime are mixed and filtered, 
the cycle is intermediate. 



368 CYAN I DAT ION AND CONCENTRATION OF ORES 


As the washed sand from the filters may contain some gold 
particles that are incompletely dissolved by cyanide, it is passed 
over another series of canvas strakes. The concentrate caught 
amounts to 9 tons a day, 8 dwt. per ton being assayed. This 
material contains 12 per cent arsenic, and it is either roasted 
or returned directly to the head of the cyanide plant. 

Tailings from the reconcentration strakes that are actually 
concentrates from which practically all free gold has been 
removed are agitated for 12 hr. with cyanide in charges of 15 tons. 
This material assays 3 to 4 oz. per ton. Tlui pulp is run into a 
large vat with a filter bottom connected to a vacuum receiver. 
Since the residue assays 0.2 oz. or more, it is roasted, and the 
calcine returned to the mill circuit. 

Roasting ,—^Two wood-fired Edwards roasters, each with a 
capacity of from 8 to 10 tons per day, are required. About 
200 tons refined arsenic is produced per year from the roaster 
fumes. 

Gold Recovery ,—Gold in solution is precipitated on **ribbon’^ 
made locally from cheap zinc containing 1 to IJ i^ per cent lead. 
Although solutions are foul, precipitation is good, aided by 
drips of strong cyanide and lead acetate. All of the zinc-box 
material is treated with sulphuric acid. Aftc^r being washed 
and dried, the bullion is melted in oil-fired graphite crucibles. 
The cyanide bullion and the rich concentrate V)iillion are chlori¬ 
nated, yielding gold 996 fine. 

SULPHOTELLUUIDK OrES 

Cripple Creek Ore. Golden Cycle .—At (>)l()rado Springs the 
custom plant of the Golden Cycle Corporation has operated 
since 1907. The gold ores that are treated by roasting and 
cyanidation are the sulphotellurides received almost exclusively 
from Cripple Creek, according to L. S. Hariier in I.C. 6739, 
V. S. B. of M., 1933. Two types of ore come from the district, 
siliceous and basic, containing 76 to 87 per cent silica, 3} 2 to 
4 per cent iron, 1.8 to 2.3 i>er cent sulphur, 1.6 to 5.2 per cent 
lime and 0.5 to 1.4 per cent magnesia. The siliceous or oxidized 
ores are easily treated, but the denser and harder ores from depth 
give more difficulty. Cripple Creek ores of average grade 
(8 dwt. gold) are treated according to the flow-sheet in Fig. 124, 
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and low-grade ores as in Fig. 125. The latter applies also to 
the treatment of flotation tailings received from a section of the 



plant that dresses copper, lead and zinc ores. All of these ores 
are carefully sampled and assayed. 

Roasting in the Golden Cycle plant presented an interesting 
problem according to Hamer in E. and M.J.t Jan. 28, 1928. 
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Basic or limey ores that contain 1.75 per cent sulphur were easily 
roasted and treated, but those with more than 2 per cent gave 
trouble in roasting, involving mechanical difficulties, higher 
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Fi«. 126 .— Flow-sheet for low-grade Cripple Creek ores. 


consumption of chemicals and zinc and lower extraction of the 
gold. The reason for poor roasting of basic sulphur ores w'as not 
understood until a CO 2 recorder was installed at the rear end 
of one of the Edwards furnaces. With this class of ore the 
indicator rose until stopped by its limit. The roasting tempera- 
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ture was 850 to 900®C., and this produced COa so copiously that 
the air supplied was almost entirely prevented from mixing with 
the freed sulphur, thereby precluding the oxidation of the sulphur. 
Large quantities of sulphides and sulphate's remained, bringing 
tlu'ir attendant ill (effect in eyanidation. Temix'ratures of 460 
to 500°C. were tried, and these provc'd high enough to drive off 
and oxidize the sulphur, without deeom])osing tin* carbonates. 
The temperature was .set eventually at 600 to 650 e.’. checked 
by imlicating pyrometers and reeorders As a n'sult, less coal 
was burned, furnace iipkec'p was lower aiid a\'erage residues wore 
lower. 

After (‘ooling, the roastc'd ore is sprayc'd with water and 
delivered to Chilean inill.« which grind it bi cyanidt' solution. 
The pulp flows over blankets, which an' (‘.ssc'iitinl for good 
recovery. Th(*n it is delivered to a Dorr bowl classifier, operated 
with liberal backwash water added to the raking compartment. 
This gives a sand practically frc'c from slime, 85 p('r cent of it 
coarser than 60 mesh and a.ssaying 0.24 dwt. oz. p(*r ton. 

Th(' sand from the* bowl chtssifiers is h'ached. The slime is 
thickened in a 50-ft. Dorr thickc»n(*r, discharged by Dorreo 
diaphragm ])umps, deli vert'd to a continuous Dorr agitator and 
finally filtered in Butters filters. Lime-plant solutions are 
clarified in a Hardinge .sand clarifier. Gf)ld is preeijntatt'd on 
zinc dust in the u.sual manner, after d(*af*ration of solutions 
Lead acetate is bt'nt'ficial. 

In treating more than 800 tons per day, amalgamation saves 
25 per cent of the gold, and eyanidation 72 jx'r cent at a cost of 
$2.21 per ton. Chemical con.sumption is 0.96 lb. cyanide, 6.1 lb. 
lime, 0.17 lb. hydrochloric acid for filtc'r l(*aves, 0.037 lb. lead 
acietate and 0.269 lb. zinc du.st. (The plant has since been 
enlarged.) 

E[algoorlie Ore. —Ore of the ‘‘Golden Mile” near Kalgoorlie, 
Western Australia, occurs in quartz-dolerite greenstone, and there 
is little or no demarcation be'tween country rock and ore, only 
careful sampling revealing the lode limits. The ore is fairly 
hard and carries an average of 5 per cent pyrite and a vary¬ 
ing percentage of tellurides. Silica is high, and caleite is a 
con.stituent. 

Kcdgurli Ore Treatment Company .—Probably Kalgoorlie has 
been the outstanding exponent in the use of bromocyanide in 
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the treatment of sulphotelluride gold ores. Millions of tons 
of ore was treated in the plants of the Hannan's Star, Oroya- 
Brown Hill and Golden Horseshoe Companies, now liquidated. 
But all of these residues have been profitably treated since that 
time, by simple washing and filtering. At the present time, on 
the Boulder Perseverance mine is the plant of the Kalgurli 
Ore Treatment Company, Ltd., owned jointly by Boulder 
Perseverance, Ltd., and North Kalgurli (1912), Ltd. This 
recently enlarged plant has a daily capacity of 450 tons or more 
and employs bromocyanide. Near by, on tlie South Kalgurli, 
are an all-roasting and cyanidation mill and th(» all-flotation and 
concentrate-cyanidation mills of the Great Boulder Proprietary 
and Lake View and Star. A comparison of results of methods 
used at the Kalgurli On» Treatment and Lake View and Star 
shows similar gold recovery—^92 per cent—but costs of the latter 
are lower, although the former expects to reduce its charges 
considerably. 

Ordinary cyanide solutions give a low extraction of gold 
from any raw on^ in which the gold is locked in pyrite or exists 
as a telluride, but wln^n bromocyanide is added, the gold and 
silver are dissolved rapidly. No oxygen is needed for the 
reaction 

2Au (or 2Ag) + 3NaCN + CNBr = 2NaAu(CN)2 + NaBr 

Bromocyanide alone does not dissolve the precious metals. 

The practice at the Kalgurli Ore Treatment Plant is sliown 
by the flow-sheet in Fig. 126. After the ore has been broken 
by a Hadfield jaw crusher. Gates gyratory crushers and a Symons 
cone crusher to ^iV, in., Hardinge and Marcy mills in closed cir¬ 
cuit wdth Dorr classifiers in weak cyanide solution produce a 
final product of 90 per cent through 150 mesh. In the circuit 
are corduroy tables which catch 20 to 30 per cent of the gold. 
The final pulp after thickening in Dorr machines advances to 
mechanical agitators. In the agitators the cyanide solution is 
strengthened to 0.1 per cent, and agitation proceeds for 4 hr. 
Then the bromocyanide is introduced, wdth agitation for another 
2 hr. Alkalinity is maintained at 0.0014 per cent lime by adding 
dilute sulphuric acid, but after agitating it is increased to 3 lb. 
per ton ore. (The reasons for low alkalinity w'hen BrCN is 
being used are discussed under the section on testing.) Washing 
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with weak solution and w’ater and drying of the cake are done 
on two Oliver and one Paxman filter. An interesting feature of 
water washing and repulping for pumping is that one lot of water 
costs 6 shillings ($1.44), and the other 18 pence (36 ets.) per 
1000 gallons, these being the charges made by the state govern¬ 
ment, respectively, for treatment water and for residue water. 
Gold is precipitated by zinc dust, and the sludge is fairly high in 
tellurium. 
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Bromocyanide is made in tiie plant by adding sodium cyanide 
and sulphuric acid to sodium bromide and sodium bromate. 
This is done in a special tank, precautions being taken to avoid 
asphyxiation of the operators. The reaction causes a rise in 
temperature of the ingredients, so ice, also made in the plant, 
is added to keep the temperature down to 150°F. Consumption 
of bromo salts is 1 lb., and of cyanide 1* 2 ton. 

Lake View and Star .—In M.M.y October, 1933, T. B. Stevens 
describes in detail the scheme of ore treatment in the Lake View 
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and Star mill at Kalgoorlie. The present flow-sheet is the third 
that has been used on this complex sulphotelluride ore. 

The ore is described as a sulphide containing (a) free gold 
which is soluble in cyanide and can be also saved by straking 
or amalgamation; (6) tellurides of gold which yield only to 
intensive cyanide treatment in the raw state but readily after 
roasting; (c) gold associated with pyrite, which will not give a 
satisfactory extraction without roasting. 

The first flow-sheet employed gravity concentration, roasting 
and cyaniding of the concentrates with further cyaiiidation of 
the concentration tails. Gravity concentration was inefficient, 
and hcmce, when higher grade ore was treated, the over-all 
extraction was poor. 

The second flow-sheet embodied dry grinding and roasting of 
the entire feed followed by cyaiiidation. Extraction was good, 
but costs were high because of the dry grinding and fuel required 
to roast an ore of relatively low sulphide content. 

The pn^sent and third plant (Fig. 127) handles about 1500 tons 
per day, and a finished concentrate is made by flotation, the 
coiK^entrate roasted and cyanided tliereafter. 

CuTJSHiNG. —Primary crushing is in two No. 7^2 Gates gyra¬ 
tory crushers, producing a minus 5-in. product. The ore is given 
a secondary crushing in two 4-ft. Symons (rone crushers, and 
oversize is finally crushed in a tertiary 4-ft. Symons cone. Mill 
f(H?d is all minus 34 

Grinding and Gravity Concentration. —Grinding is done 
in three stages, the first stage employing five 6- by 5-ft. open- 
circuit ball mills. The second stage uses three 5- by 11-ft. and 
two 5.5- by 22-ft. tube mills each in closed circuit with a 6-ft. 
by 25-ft. Dorr duplex classifier. The third stage is accomplished 
in a 5.5- by 11-ft. tube mill in closed circuit with two 6-ft. wide 
by 14-ft. diameter Dorr bowl classifiers. The final grind is to 
95 per cent through 200 mesh. 

Each secondary tube-mill discharge flows over four corduroy 
strakes 6 ft. long by 3 ft. wide. The tertiary mill has 10 strakes 
10 ft. long by 3 ft. wide. An average of 24 per cent of the gold is 
concentrated on the corduroy. 

Flotation. —^The bowd overflow is thickened to 30 per cent 
solids in three 50- by 8-ft. Dorr thickeners. Roughing is done 
by three No. 24 Fahrenwald Sub-A flotation machines. The first 
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Fio. 127.—Flow-sheet of Lake View and Star plant, Western Australia. 
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cell froth is taken as finished concentrate, and the remaining 
froth goes to a 24-in. Minerals-Separation machine for cleaning. 
The cleaner tails return to the bowl classifiers. 

As the quantity of pyrite seldom exceeds 5 per cent, the rougher 
froth is small in bulk and fragile. The standard Fahrenwald 
machine was altered somewhat to make it easier to remove the 
froth. A conical shell, 4 ft. square at the base and with a 2-ft. 
diameter opening, fits down in the cell and thus reduces the over¬ 
flow area. Aprons attached to the hood drain the froth to the 
side of the machine. This crowding of the machines increases 
capacity and makes for easier control. 

Flotation reagents used are as follows: 


Roagoiit 

Where used 

Pounds 

per 

ton 

Sodium Acrofloal. 

Ball mills 

0.04 

Thiocarbaiialidc. 

Tube mills 

0.05 

Aerofloat 26. 

Flotation surge tank 

0.005 

Pino oil No. 6. 

Thickener underflow 

0.04 

Sodium silicate. 

Cleaner feed 

0.15 


It was noted that xaiithates produce a froth too dry to handle 
easily on this ore, thiocarbonalide producing a much tougher 
froth. Sodium silicate acts as a gangue-depressing agent. The 
(concentration ratio is in the neighborhood of 15 to 16 to 1. 

Filtuation and Buying. —^The finished concentrate is 
thickened in a 20- by 8-ft. thickener and filtered on two 5-ft. 
8-in. by 8-ft. Oliver filters. Moisture is reduced from 12 to 7 
jier cent in two Lowden dryers with an area of 480 sq. ft. 

Roasting and Cyanidation. —^The moist concentrate con¬ 
taining 35 per cent sulphur is roasted in three duplex Edwards 
furnaces. The burning takes place freely without auxiliary fuel. 
Successful roasting depends upon slow oxidation with ample air. 

The cooled calcine is ground in solution in a 4- by 4-ft. ball 
mill and then given 18 hr. batch agitation at 2 to 1 dilution in 
five 26- by 8-ft. stir agitators. Batch agitation is preferred 
to continuous so that poor roasts may be isolated and given 
preferential treatment. The agitator discharge is decanted twice 
in two 25- by 8-ft. thickeners and filtered on an 11-ft. 6-in. by 
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14-ft. Oliver filter. Water and barren solution are used as wash. 
Precipitation is by the Merrill-Crowe process. 

OA'cr-all extraction of the mill is 91.7 per cent, 24 per cent by 
gra vity concentration and 67.7 per cent by flotation and cyanida- 
tion. Cyanide extraction of the concentrates is 98.3 per cent. 
All of this is on mill heads assaying 35 shillings (S8.50) per ton. 

Present treatment costs are given as 6 shillings 4 [K*nce (#1.52), 
but these will be reduced when part of the old dry-crushing 
plant still operated is shut down. Water costs are high, amount¬ 
ing to 1 shilling 4 pence (32.3 cts.) per ton feed. 

South KalgurU.—T\w South Kalgurli plant is the only remain¬ 
ing exami)le in Kalgoorlie of the all-dry crr.sliing, roasting ami 
filter-pr(‘ssing proc(‘ss for sulphotellurid(' gold ore. At om^ tiim*, 
plants of this tyj)e w(T(» treating more than 2000 tons a day. All 
have been su]M*r.sed(Hl by flotatioii, excej)t one broniocyanid(? 
plant. If th<‘ South Kalgurli had a larger ore res(Tve, the* process 
probably would be chang(*d, but th(» present systinn (‘xtracts 
95 per cent at reasonable cost. 

The flow-she(*t of the South Kalgurli plant shown in Fig. 128 
is taken from the article by G. B. O^Alalley in CJi. arul iif./tf., 
January, 1934. The plant treats 330 tons a day of on^ which 
averagers 10 dwt. gold p(*r ton and 6 jw^r (^f*nt pyrite and t(‘llurides. 
Th(* ore as it comes from the mine is dry (enough so that it can be 
crushed through about 28-mesh screens in Kru{)p ball mills. 
Each of the four mills is loaded with 2* 2 tons of 5-in. balls and 
crushes 90 tons ore per day. Hot air from th(^ roasting-furnace 
flue is conducted to tin* mills to aid grinding. Roasting is done 
in 10 Merton three-hearth furnaires and two Edwards duplex 
furnaces. The former roast 20 tons (‘ach, and th(^ latter 75 tons 
each per day. Local wood is used for fuel in the roasting fur¬ 
naces. Roasting costs 4 shillings (96 cts.) per ton. The roasted 
ore contains 1.65 per cent total sulphur. It is mixed with weak 
cyanide solution and fed into grinding and amalgamating pans 
in whicli 25 per cent of the gold is saved. The overflow from 
the pans goes to classifying cones, the sand from which is ground 
further in a tube mill. The mill discharge flows over 48 sq. ft. 
of corduroy set at a slope of 1 in 6. All of the slime is agitated 
and aerated for 8 hr. with 0.05 per cent cyanide solution. Filtra¬ 
tion is done in Dehne filter presses. The residue is pumped to a 
distant dump. Prior to precipitation, the solution strength is 
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raised to 0.06 per cent cyanide, and 0.015 lb. lead nitrate per ton 
solution is added. Lead is also added to the hot pulp from the 
roasting furnaces. The Merrill-Crowe process of clarifying, 
deaerating and precipitating the gold is satisfactory, and the 




consumption of zinc is low. The bullion contains 6 to 12 per cent 
silver and 2 per cent base metals. Cyanide consumption is 
only 1 lb. per ton. 

Chemicals LTsed at Kalgoorlie. —Consumption of chemicals 
in cyaniding Kalgoorlie ore is approximately as follows: NaCN, 
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1 to IM lb.; BrCN, 1 lb.; CaO, 4 lb.; Pb (N 03 ) 2 , 0.15 lb.; and 
zinc, 0.05 to 0.3 lb. per ton ore treated. 

Solubility of Tellurides .—In BuL C.I.M. ami Af., June 1933, 
under the heading ^‘Gold Tellurides Are Soluble in Cyanide,'' 
W. E. Johnston wrote: 

The gold-bearing tellurides behave very much as does gold itself. 
Finely divided particles are dissolved fairly rapidly, coarser particles 
more slowly. All tellurides are soft and brittle and alsi. have high 
specific gravity, with the result that they are extremely finely divided 
in ordinary mill practice. The ordinary high-lime solution of Kirkland 
Lake practice is suitable for dissolving of the gold tellurides. Oxygen is 
necessary but apparently not more so than in dissolving gold. 

In E. ami M.J.y August, 1933, Johnston n turns to the problem 
with the results of expc'rirnents. Bc^fore dt'tailing thes(* 1 h‘ says 
that a search of the literature fail(*d to show that anyone* had 
actually conducted cyanidation tests on eith(*r sp(‘ciin(*n tellu¬ 
rides or those concentrated from an ore "-meaning Kalgoorlie, 
Cripple Creek and Kirkland Lake. lOxperiments with cyanide 
on these ores gave tin* following conclusions, with which A. L. 
Blomfield, H. V. Wallace and John Dixon of Kirkland Lake 
substantially agree: 

1. Gold-h(?aring tellurides do yield their gold to eyiinide, if th(*y are in a 
finely divided state and excess lime is used. 

2. Sodium peroxide greatly reduces the time of tnistiiMuit required for 
maximum extraction. It is not beneficial wh<ui used in quantities equiva¬ 
lent to commercial use. 

3. The tellurides are very brittle and, owing to tlunr high gravity, will be 
retained in the mill circuit for a long time. Th(*y will thus be in a finely 
disseminated state, approximately minus KKK) rrjesh or the size required to 
yield a maximum extraction of their gold. 

4. Up to the present, gold-b<?aring tellurides have not bec'ii found in 
large quantities in mill tailings or in concentrates rcuroverable from them. 

Proof enough that cyanide solutions dissolve tfdlurides is 
shown in analyses of precipitate, bullion and matte from melting 
at Kirkland Lake. Wright-Hargreaves precipitate carries 6 
per cent or more of tellurium, also 16 per cent copper and 9 per 
cent zinc. A process is being perfected to extract the tellurium 
from the precipitate, some already having been recovered and 
melted. Lake Shore bullion contains about per cent tel¬ 
lurium, also per cent copper, 2 per cent zinc and 2 per cent 
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lead. During a pour, fumes of tellurium could be seen arising 
from the mold. Matte at the Toburn contains tellurium but if 
simple is melted with cyanide to recover the gold content. 

GOLD RECOVERY FROM BASE-METAL ORES 

In general, the recovery of gold and silver from ores containing 
copper, lead and zinc is not so high as desired; recently, equipment 
has been added in several plants dressing such ores to increase 
the recovery of the precious metals. Descriptions of the proc¬ 
esses follow: 


Gold-copper and Copper-gold Ores 

Some mines produce a gold-copper ore in which the copper is 
of subsidiary importance; othc^rs produce a coppc^r-gold ore in 
which the gold is of minor importance. However, in some of the 
latter types enough free gold is present to warrant special equip¬ 
ment for its recovery. Mount Morgan and Tul Mi Chung are 
examples of the first type of ore, and Britannia represents the 
second type. 

In T.P, 410, A.LM,E., 1931, E. S. Leaver and J. A. Woolf 
devotee 32 pages to the flotation of minor gold in large con¬ 
centrators. Ill many copper-milling operations, with the gold 
content under $1 per ton, only half of the gold is savt^d in the 
flotation concentrates. Lime is usually used as a depressant 
for pyrite in the flotation circuit, and high lime or a solution high 
in calcium ions is also a depressant for gold. Their experiments 
on ore from the Walker, Utah, Copper, Nevada Consolidated, 
Old Dominion, Magma and United Verde mines showed that 
in the flotation of the lime, avoiding excess will increase the gold 
recovery. By control of the flotation circuit, low alkalinity thus 
being assumed, ores with a low ratio of pyrite to copper sulphide 
and containing less than $1 free gold per ton gave a concentrate 
containing over 90 per cent of the copper and 80 per cent of the 
gold. When lime is used the optimum range of alkalinity for 
the flotation of gold is 7.5 to 10 pH. 

Gold-copper. Mount Morgan Practice .—At Mount Morgan, 
Australia, the gold-copper ore is dressed as follows, according to 
A. A. Boyd, general manager: The plant was handling 500 tons 
a day but has been increased to 700 tons. The ore is a highly 
pyritic quartzite, partly oxidized, and assays 6 dwt. gold per 
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ton and 5 dwt. silver per ton, also 0.6 per cent copper in chalco- 
pyrite. Tellurides are also present in small amounts. The mine 
has reserves estimated at. several million tons of lower gold 
content and higher copper content. The plant layout includes 
a 36- by 24-in. jaw crusher set at A }'2 in. followed by gyratory 
crushers set at 1}2 and rolls in closed circuit with Leahy 
screens wdiich give a }s-^n. product. Five ball mills in closed 
circuit with five Dorr classifiers make 55 to 60 pc'i* cent minus 
200-mesh ])roduct, and two Dorr Ixnvl classifiers discharge 80 
to 85 per cent through 200 mesh. The pulp is conditioned, and 
the minerals are floated in subaeration and FagcTgren C(»lls. The 
concentrate, which is 2! 2 per cent of the mi^l f(‘('d, is thickened, 
dried to 20 per cent moisture on a disc filter, heat-dried, bagged 
and sold to a smelter. 

Tul Mi Chung Practice ,—Flotation is tlu^ only treatnumt to 
w^hi(;h the gold-copper ore of Tul Mi Chung mine, Korea, would 
}ield satisfactorily. Part of the gold is free, some is combined 
with ehalcopyrite and an iron-arsenic mim^ral, and sonu? wdth 
pyrit(‘, according to R. J. Lemmon in Bui, 229, I.M, and M., 
1923. The loss of gold was traced to the finely divided pyrite, 
much of which escaped with the tailings. Modified Minerals- 
Separation flotation machines w'en^ adopb^d, and n^covery is 
satisfactory. The concentrate carri(*d 5 oz. gold and 6 oz. 
silver per ton and 25 per cent copper. A large* dump of 2.5 dw^t. 
gold and 0.14 per cent (H)pper tailings, not amcmabh? to cyanida- 
tion, w^as treated by flotation. 

Copper-gold. Britannia Practice .—Minerals of the Britannia 
Mining and Smelting Company, British Columbia, are mainly 
ehalcopyrite and pyrite in a quartz-porphyry gangue. One 
section of the mine yields ore assaying 0.6 per cent copper and 
0.86 dwt. gold per ton, according to H. A. Pearse in M. and M., 
September, 1934. Some of the gold is free. To collect the 
coarser particles of gold which are difficult to float, the pulp 
overflowing each classifier is passed first over a 3- by 20-ft. wool 
blanket. The blankets are taken up and washed once or twice 
a shift. An iron-zinc sulphide tailing from the secondary copper 
flotation is passed over blankets to recover any remaining coarse 
particles of gold. As a further provision against loss of gold, 
all tailings from the flotation plant are run over 4000 sq. ft. of 
blankets laid in shallow launders 30 in. wide. The blankets rest 
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on discarded screens from the crushing plant, in. above the 
bottom of the launders, set at a fall of \\i in. per ft. Each 
blanket is washed in place by a high-pressure hose. Total 
recovery of gold, both free and in copper minerals, is 60 per cent. 
The launders catch several per cent at low cost. 

Copper-zinc Ore 

Flin Flon Practice. —During 1932 the Flin Flon property of 
the Hudson Bay Mining and Smelting Company, Manitoba, 
yielded 82,565 oz. gold and 933,983 oz. silver, as well as copper 
and zinc, from 1,439,651 tons ore. The flotation plant makes 
a copper concentrate, a zinc concentrate and a tailing for cyanida- 
tion which involv(is the following process, according to G. E. 
Cole in the Bui. C.I.M. and M., February, 1932: 

Following the recovery of copper and zinc sulphides by flotation, a 
considerable recovery of gold and silver is made in the cyanide plant, 
where the heavy sulphide flotation tailings, after being thickened in a 
90-ft. Dorr thickener, are pumped to Devereux agitators, 18 ft. diam¬ 
eter and 18 ft. high where 4 lb. of cyanide per ton of solution is added. 
The pulp, in flowing through, is constantly agitated and is then passed 
to Dorrco filters, 14 ft. diameter and 18 ft. long. The final cake from 
the filter treatment joins the tailings from the disseminated-ore flotation 
section, and the thickener overflow, and the whole is pumped to a tail- 
ings-disposal area. 

To the pregnant solution, after clarification, zinc dust is added, and 
the gold-silver precipitate goes to the Merrill presses. This precipitate 
is next treated with acid to dissolve the excess zinc dust and, when dried, 
is melted into bullion, later to be refined. The barren solution from 
the cyanide treatment is delivered for regeneration of the cyanide, 
being mixed with acid or water containing sulphur dioxide and copper 
sulphate. The cyanide is removed by air and absorbed in lime solution, 
the units being in absolutely tight equipment. The acidified solution 
from which cyanide has been removed is next pumi)ed to Shriver 
.presses, from which the copper sulphocyanide is removed as a precipi¬ 
tate which, after roasting to a copper sulphide cinder, is transported to 
the copper smelter bedding bin.s. 

Mixed Copper, Lead and Zinc Ores 

Golden Cycle Practice. —The Golden Cycle mill at Colorado 
Springs, Colo., receives, in addition to the regular Cripple Creek 
ore, complex copper, lead and zinc ores. The following informa- 
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tion is from an article by Max W. Bowen in E. afid M.J., August, 
1935. 

A separate flotation concentrating plant of about 450 to 475 
tons daily capacity (Fig. 73) has been built to handle these ores. 
The general treatment is to remove free gold in unit cells and 
mak(j a lead-copper concentrate and an iron-zinc conccMitrate. 
The lead-copper concentrate is shipped to tlu* Leadvilh* refinery, 
and the iron-zinc concentrate is roasted and fed with roast(‘d ore 
in the cyanide plant. Flotation tails are returned to th(^ slime 
s(‘ction of the cyanide plant. 

Crushing .—Primary breaking is done in two 13- by 24-in. 
Farrel jaw crushers and tw^o sets of 40- by 14-iTi. rolls. A 1 per 
cent sample is cut from 25 per cent of the roll product. Tlu' feed 
goes to a stationary screen with :58“hi. square^ holes. The over¬ 
size is crushed in a 5.5-ft. Symons short-head coim crusher, and 
the undersize combined with the crush(*r ])roduc,t gex^s to four 
4-m(\sh Hum-mer screens in closed circuit with another 5.5-ft. 
Symons short-head cone crusher and two 6- by G-ft. Sc^hinidt 
comminuters. Final mill feed runs 2 p(‘r cent plus in. and 
61 per cent minus 10 mesh. 

Grinding and Concentration .—Grinding is doiu^ in three 6- by 
6-ft. Colorado Iron Works ball mills in clos(‘d circuit with a 4- by 
4-ft. trommel with 0.104-in. oi)enings. Fr(;e-gold is removed in 
two No. 500 Denver Equipment unit cells. The conc(*nt rate 
from these cells is amalgamated in a Wheeler pan, and the pan 
tails returned to the grinding circuit. Th(^ flotation tails go to a 
6-ft. by 23-ft. 4-in. Dorr duplex multizomi classific^r, the sand 
being returned to the ball mills. The overflow^ is conditiom»d in 
tw^o 10- by 8-ft. Denver Equipment conditioners and then 
passes to two No. 18 Denver Equiprmait flotation units wiuire a 
lead-copper concentrate is produced. This concentrate is 
washed w'ith cyanide solution in a 16- by 16-ft. thick(;n(?r, filtered 
on a six-disc, 6-ft. American filter and shipped to the smelter. 

An iron-zinc concentrate is removed in the third flotation unit 
of No. 24 Denver Equipment cells and also from six Wilfley 
tables. The combined concentrates are dewatered in a Stearns 
Rogers drag. The overflow is thickened in a 17- by 6-ft. thick¬ 
ener and then filtered. 

The iron-zinc concentrate is added to the regular Cripple Creek 
ore ahead of the stationary screen in the crushing plant and 



384 CYANIDATION AND CONCENTRATION OF ORES 


receives the usual roasting and cyanide treatment. The con¬ 
centrate tails are returned to the slime section of the cyanide 
plant. 

The cyanide plant (Cripple Creek), in which about 85 per cent 
of the Golden Cycle ores are cyanided, makes a sand-slime 
separation and treats each separately. The sand-leaching 
operation is described in Chap. VII, and the roasting operation 
in Cliap. IX. 

Fresnillo, Mex. —The mill of the Fresnillo Company at 
Fresnillo, Zacatecas, Mex., treats oxide ores from its mine, dump 
ores and underground ores from the Plateros district, company 
leases and custom ores from the Zacatecas district, custom ores 
from other districts and tailings from old dumps at Fresnillo. 
The normal capacity of the plant is approximately 2600 dry 
short tons per 24 hr. The final product of the mill is a precipitate 
containing gold and silver, which is smelted and shipped as dor6 
bullion to a refinery, according to W. E. Crawford in Tram. 
112, 1934. 

Th(^ valuable metals are silver and gold, the ratio by weight 
of the foriiK'r to the latter being 1000 to 1.5. Argentite is the 
predominant silver mineral and is associated with pyrite and 
manganese mineral. The sulphides are primary throughout. 
A slightly secondary a(;tion is represented by small quantities 
of native silver and silver halides, principally cerargyrite, which 
are found in the upper part of the mine. 

Treatment may be tabulated as follows: 

1. Ores weightHl. 

2. McCully gyratory prushor sot at 33-2 in. 

3. Grizzlies with 1 V^'-in. openings. 

4. Two 48-in. Symons horizontal-disc crushers set at in. 

6. Leahy vibrating screens with ^ii-in. openings. 

t). Two 48-in. Symons vertical-disc crushers set at % in. 

7. Bin of 0400 tons capacity. 

8. Two units each of two O* ^- by 2^4-ft. Marcy rod mills and one 6- 
by 14-ft. Traylor ball mill and one unit of two Hardingc ball mills and one 
Traylor ball mill, each unit in closed circuit with an 8- by 20-ft. Dorr duplex 
bowl classifier. 

9. One Traylor mill in clo.sed circuit wdth bowl classifier grinding over¬ 
size from dump tailings being treated. 

10. Two 0- by 26-ft. Bowl classifiers making sand and slime. 

11. Sand leached with cyanide solution 10 days or more. 
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12. Slime thickened in six 60- by 10-ft. Dorr macliines, agitated in 0.126 
per cent cyanide solution for 5.3 hr. in two circuits of six and seven Dorr 
agitators 40- by 25-ft. using air and filtered in Butters tanks. 

13. Silver and gold precipitated on zinc dust. 

In the crushing plant, tramp iron is removed hy a magnet and 
by a magnetic pulley. Dust is collected and is sludgi^d prior to 
going to treatment. Cyanide consumption is 3.34 lb., and lime 
consumption 16.2 lb. per ton ore treated. 

Silver Ores 

Pachuca, Mexico. —Silver in the Pachuca district, state of 
Hidalgo, Mexico, occurs chiefly as argentib'. A part composite 
analysis of ore treated at the present time is giv(*n in the accom¬ 
panying table. 


Analysis of Pachiu’A Oke 


Constituent 

Pit 

Const ituinit. 

Per 


cent 


cent 

Silica. 

71.6 

Copper. 

0.05 

Alumina. 

8.7 

Manganese. 

l.G 

Iron. 

2.9 

Sulphur. 

0.7 

Lead. 

0.05 

liiine and inagne.sia. 

3.8 

Zinc.j 

1 0.5 

Sodium and potassium oxide. 

1.9 


Flotation has been given thorough trials but has not suc¬ 
ceeded in equaling the (economic results of cyanidation, accord¬ 
ing to R. R. Bryan and M. H. Kuryla in Tram. 112, A .I.M.E., 
1934. 

Three well-known plants are operating in the district—Ivon^to, 
San Rafael and Santa Gertrudis. The Lon^to plant of Compafifa 
de Real del Monte y Pachuca has a daily capacity of 3800 tons 
and is the largest silver-cyaniding works in (‘xistcmce. No 
concentration is done. Some details of 1934 operations of the 
Loreto follow. 

Crushing .—Mine ore of a maximum size of 12 in. is reduced 
to in. by one gyratory and two cone crushers, between which 
are grizzlies and vibrating screens. 

Grinding. —Two-stage grinding in cyanide solution is practice. 
For primary grinding, 8- by 6-ft. Marcy grate rnilLs and a 6- by 
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12-ft. trunnion Traylor ball mill are uned, in closed circuit with 
6- by 22-ft. Dorr classifiers, w'hich are the only type operated 
in Pachuca. Nearly 80 per cent of the feed to these mills is 
coarser than 3 mesh and up to 1 in. The classifier overflow 
is 64 per cent solids. For secondary grinding, 6- by 10-ft. 
Traylor mills of the trunnion type and 5- by 10-ft. trunnion mills 
of local make are used in closed circuit with an 8- by 22 and a 
6- by 22-ft. classifier, respectively. The classifier overflow 
contains 20 per cent solids; a sieve test of the final product shows 
on 48 mesh 2.20 per cent; on 65, 7.90; on 100, 9.17; on 150, 
13.13; on 200, 8.09; and through 200, 59.51 per cent. 

Thickening ,—Nine Dorr thickeners, 48% by 15j>4 ft., yield a 
pulp of 48 per cent solids. 

Agitating .—Twenty Pachuca tanks, 15 by 60 ft. and 30 
^^Flat*' tanks, 20 and 24 by 30 ft., do the agitating. The 
latter is a tank equipped with a Dorr-thickener mechanism and 
air jets. Air at 35 lb. pressure is used in the Pachucas and at 
18 lb. in the Flat tanks. Agitation proceeds for 73 and 70 hr., 
respcu^tively, and the cost is 14.7 centavos (4.1 cts. or 2 pence) 
per ton ore. 

Aero-brand cyanide is dissolved in barren solution to make a 
strong solution, and this is added to the agitators to bring 
the strength to 0.25 per cent NaCN. Litharge is added in the 
dissolving tank to eliminate soluble sulphides. Cyanide con¬ 
sumption, excluding regeneration, amounts to 1.62 kg. per ton 
ore. Lime consumption is 6 kilograms. 

FiUration .—Butters tanks, each with 187 leaves, 67 by 117 in., 
do the filtering. Each tank averages 11 cycles of 128 min. 
each day, and each cycle is divided into 20 min. for caking, 44 min. 
for barren wasli, 5 min. for water wash to mill and 30 min. for 
water wash to regeneration, the remaining 29 min. being required 
for filling transfers, discharging, etc. A vacuum of 18 in. is 
maintained. Average cake is % hi. thick. 

Clarification and Precipitalion .—Solution from the filters 
is clarified in 11 Sweetland presses which can handle 2} i tons 
per day per sq. ft. surface. They are discharged twice and 
cleaned once each day, and leaves are acid treated every 10 days. 

The Merrill-Crowe system of zinc-dust precipitation is used. 
Centrifugal pumps force the solution through the pres.ses. Zinc 
consumption is 630 grams per kilogram of silver precipitated. 



TREATMENT OF SIMPLE AND COMPLEX ORES 387 


The dried precipitate assays 83 per cent silver and 0.46 per cent 
gold, also 0.25 per cent selenium and some other metals. 

Melting and Refining, —Pre(‘ipitate Ls melted to bullion in the 
usual manner, granulated borax and bottle glass being used, in 
an oil-fired reverberatory furnace of 15 tons capacity. The 
temperature is raised to 1050°C., and slag is skimmed off. Air 
is then blown in, and the slag is skimmed for 60 lir. 1'hen the 
metal is tapped into a continuous anodc'-casting machine. 
Anod(\s weigh 10 kilograms, and a furnace charge makes 2000 
of them in 5 hr. of casting. The bullion is incTeaser! in fineness 
from 950 to 993; copper is the principal im])urity remaining. 

The anodes are next parted in 200 Thuni-type electrolytic 
cells, and the resultant silver is 999 + fii.e Th(' gold mud is 
reduced to anodes, which are tn^ated in WohhviJl c(»lls, giving 
gold 999.8 fine. 

Extraction .—The current extraction from on^s assaying 400 
grams (250 dwt.) silver and 2 grams (1.49 dwt.) gold is 90 per 
cent silver and 92 per cent gold. On clean ores this reaches 
93 per c(*nt silver and 95 per cent gold. 

Treatment Costs .—Treatment costs at Loreto are not available, 
but the following costs for a 400-t()ns cyanide plant in the 
Pachuca* district is of interest and is taken from the pap(‘r by 
Bryan and Kuryla {Trans. 112, A.I.M.E.y 1934) pr(‘viously cited. 


Item 

PciSOS 

per 

Distrihution 

I^esos 


ton 


per ton 

Crushing and grinding. 

1.27 

Labor. 

1.38 

Cyanidalion. 

1 1.75 

Supplies. 

2.04 

Precipitation and melt ing.... 

0.30 

Power. 

0.72 

Water supply. 

0.14 

Misetdlaiieous. 

0.24 

General expense. 

0.92 


— 



Total . 

4.38 

Total. 

4.38 




Prevailing rate of exchange 1934, 3.60 peeoe per U. S. dollar. 

Rosario, Honduras, Treatment.—In Honduras, Central 
America, the New York and Honduras Rosario Mining Company 
is treating 460 tons 20-oz. silver ore daily. The ore also carries 
1.4 dwt. gold, 0.5 per cent lead, 0.63 per cent manganese and 2 
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per cent zinc. Two gyratory crushers make a 2-in. product 
which is fed to twenty 1800-lb. stamps crushing through 1-in. 
screens. Cyanide is added at the stamps. Grinding is done in a 
6- by 5-ft. Allis-Chalmers ball mill and in two stages of two 5- by 
22-ft. Allis-Chalmers tube mills in open circuit with Dorr 
classifiers. Of the final pulp, 20 per cent remains on 150 mesh. 

Four 35- by 10-ft. Dorr thickeners produce pulp of 60 per 
cent moisture. This is agitated for 80 hr. in fourteen 15- by 
45-ft. Pachuca tanks and in three 35- by 10-ft. mechanical 
storage tanks. Th(^ air pressure in the Pachucas is 35 lb per 
sq. in.; strength of cyanide 0.3 lb. per ton solution and of lime 
0.4 lb. per ton solution. Consumption of cyanide is 3.8 lb., and 
of lime 18 lb. per ton on' treated. 

Filtration is done in two Merrill pressure filters of 4- by 6-ft. 
size with one hundred 3-in. frames. A total of 500 tons barren- 
solution wash and 700 tons water wash is used per day. Dis- 
solv(^d nu^tals in the n'sidue are 9 cts. silver and 2 cts. gold per 
ton; and undissolvt'd metals, 77 cts. silver and 13 cts. gold. 
Reg(ui('ration of the cyanide is practiced in this plant. 

Precipitation is effected by zinc dust, the consumption of 
which is 0.7 lb. per ton ore. The pregnant solution averages 
$4.29 per ton. Tlie i)r('cious metal from 1200 tons solution is 
precii)itated in 24 hr. The effluent carries only a trace of metals. 
Thirty-sev(‘n per cfuit silver and 76 per c(»nt gold is dissolved 
before agitation, 52 per cent silver and 18 per cent gold during 
agitation and 0.3 per cent silver and 0.56 per cent gold in filter. 

Shafter, Tex. (Presidio). —Since 1883, the Presidio mine of 
the American M('tal Company, Shafter, Tex., has produced 
V 2 million tons ore which has averaged around 18 oz. silver per 
ton. It has l)een a n'gular and interesting producer. A 90 
per cent recovery is being made in the 200-ton gravity concentra¬ 
tion and c.c.d. cyanide plant which is well described by V. D. 
Howbert and F. E. Gray in T,P, 368, AJ.M.E., 1930. 

The ore is oxidized and siliceous, the principal constituent of 
the gangue being quartz. The greater part contains approxi¬ 
mately 20 oz. silver per ton, but mixed with this are many 
particles of ore of much higher grade, frequently assaying 100 oz. 
or more. In the 20-oz. material is an almost constant amount 
of silver which is difficult to extract by eyanidation. The high- 
grade material contains a much greater proportion of silver that 
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is easily amenable to cyanidation treatment. Thus, as the grade 
of ore becomes higher, the percentage of recovery of silver 
increases rapidly, under equal milling conditions. Tlie silver 
minerals contained in the ore are principally argentite and 
cerargyrite, the former predominating. The lead iniiK'rals, all 
of which are argentiferous, are chiefly cerussite and galena, with 
occasionally a little angles!te. The gold is free?; most of the on? 
contains merely a trace, but occasional concentrations .n e as high 
as 0.5 oz. 

The crushing plant, which includes vibrating s(TeeT\s, niak(‘s a 
product of w'hich 23 per cent is minus 8 and plus 20 mesh, 28 
per cent is minus 20 and plus 40 mesh, 11 p> r cicnt is minus 100 
and plus 200 mesh and 17 per cent is through 200 mt?sh. Ten 
per cent of the ore is sorted as water. To rid the screcMi oversize 
and the tube-mill discharge of as much lead as possibh*, these 
products are passed over Wilfley tables. The concentrate's are 
smelted. The two tube mills arc operated in closed circuit with 
Dorr duplex classifiers which make a final produ(?t of 75 per 
cent through 200 mesh. The pulp is cyanided by agitation and 
C.C.D. and filtered on Oliver machines. The loss of dissolved 
silver is 1.4 dwt. per ton dry tailing. Prc^cipitation is by zinc 
dust, following usual procedun?. 

Lime is fed ahead of the Hum-mer screen at the rate of 10 lb. 
for each ton ore. Accurate control is necessary. A 10 per cent 
aerated solution of Aero-brand cyanide is made up and added 
to the first and fourth Pachuca tanks. A fr(*e-cyanide stniiigth 
of 2.7 to 3 lb. per ton solution is maintained in tlie tanks. Con¬ 
sumption of cyanide is 1.7 lb. and of zinc dust 0.36 lb. im?!* ton ore. 
The cost of milling and treating averages $1.90 p(?r ton. 

Tabling operations at Presidio are described in d(?tail in the 
chapter ‘‘Concentration and Treatment of Concentrat(;s.’^ 

Sunshine, Idaho. —The Yankee Boy mine of the Sunshine 
Mining Company, 6 miles from Kellog, Coeur d’Alene district, 
Idaho, is the largest producing silver mine in the United States, 
In 1934 it produced about 3,450,000 oz. silver and 850,000 lb. 
copper. Silver is the principal product and occurs with tetra- 
hedrite, Cu 8 Sb 2 S 7 . A new mill of 500 tons capacity was com¬ 
pleted in February, 1935. It is expected that a recovery of 
better than 96 per cent will be made. The ore averages more 
than 40 oz. per ton from which a concentrate exceeding 900 oz. 
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per ton is made. Because of the antimony and arsenic content 
of the product, smelting charges are high. Milling costs for 1933 
were 79 cts. (40 pence) per ton, but higher labor and supply 
costs are expected to increase this to 90 cts. (45 pence). 



7b sme//cr 

Fio. 129.—Flow-shoot of Sunshine silver-ore treatment plant, Idaho. 

The simple flow-sheet of the new plant showm in Fig. 129 
is H(*lf-explanatory. Sieve analyses of the ball-mill and classifier 
products are showm in the accompanying table. 

The flotation reagents used in the old mill w’ere 0.17 lb. per 
ton of a mixture of 40 per cent coal tar, 40 per cent Barrett No.4 
oil and 20 per cent pine oil No. 5, with 0.05 lb. potassium ethyl 
xanthate. 
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Sieve Analysis of Ball-mill and Classifier Products, Sunshine Mill 


Ball-mill discharge | Classifier 




Sand 

Overflow 

Mesh 

Per cent 





Mesh 

1 Per cent 

i 

Mesh 

! 

Per cent 



+ 14 

2.3 

+ 14 

2.8 


i 

20 

4.6 

20 

3.7 



28 

S.5 

28 

8.5 ! 



35 

S.5 

35 

10.7 

+ 35 

O.l 

60 

29.0 

60 

26.8 

60 

3 0 

80 

12.2 

80 i 

19.7 

80 

4 0 

100 

6.9 

100 

9.4 

100 

3.8 

150 

7.8 

150 1 

9.1 

150 

12.2 

200 

5.3 

200 

4.9 

200 

10.2 

-200 

15.2 

-200 

4.0 

-200 

65.9 


The following is a typical analysis of th(‘ concentrate produced: 


Analysis of Silver Concentrate 


Constituent 

Per 

Const i1 lien t 

Per 


cent 


cent 

Silver. ... 

955 

Zinc.. 

0.6 


(025.) 

Sulphur. 

34.06 

Lead. . 

2.6 

Bismuth. 

0.1 

Copper 

11.8 

Antimony. 

10 4 

Insoluble.. . 

3.8 

Arsenic. 

1.53 

Iron. 

1 25.7 




Treatment of Silver Ores. Cobalt. —A vc^ry (joinplete history 
and description of the mines, mills and metallurgical treatment 
of the Cobalt, Ont., silver ores has been written by Messrs. J. J. 
Denny, Fraser D. Reed and R. H. Hutchinson and published in 
Oni. Dept. Mines J 2\st Ann. RepL, 1922. Today none of these 
mills is in operation. 

Manganese-silver Ores 

Oxidized silver ores containing the higher oxides of manganese 
are generally refractory to metallurgical treatment. Manganese 
fouls mercury if amalgamation of the gold content is attempted. 
A refractory compound of manganese and silver is formed, 
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probably a manganite, which is insoluble in cyanide solution 
and other common solvents for silver. 

Caron Process. —The Caron Process (U. S. Patent 1232216, 
Aug. 3, 1917), described by G. H. Clevenger and M. H. Caron in 
But. 226 U. S. B. of Af., is based on the following principle: 
When oxidized ores containing a refractory compound of manga¬ 
nese and silver are heated in a reducing atmosphere, the higher 
manganese oxides are reduced to manganous oxides; and if cooled 
so as to prevent reoxidation, the refractory compound is rendered 
amenable to cyanidation. Refractory compounds of silver also 
can be so tnjated. 

Manganese-silver ores occur generally in acid-eruptive rocks, 
chiefly rhyolite and dacite flows of later Tertiary age. Potas¬ 
sium-aluminum silicate is a vein material, and the vein quartz 
is changed from calcite. The manganese oxide is generally 
of secondary origin and is formed by atmospheric agencies. 
For the foregoing reason manganiferous ore from near the surfaccj 
may be refractory but from depth may be amenable to treatment. 
“Wad,” a hydrous manganese mangaiiate, is common in the zone 
of oxidation. 

Various treatments of the raw ore have proved unsuitable— 
concentration (including flotation), magnetic separation, chlo- 
ridizing, roasting, volatilization, sulphuric acid and heating 
with organic matter. The Ag to Mn ratio persists in all sieve 
sizes from plus 20 to minus 200 mesh. 

Laboratory tests were made in the United States and in 
Sumatra, followed by plant-scale runs in the latter country and 
a 50-ton plant at Pachuca, Mexico. Direct cyanidation of raw 
ore containing 2 to 10 per cent Mn 02 gave 50 per cent extraction 
of the silver, but ore with 25 per cent Mn 02 gave only 25 per cent 
extraction. The Caron process, on the other hand, extracted 
92 per cent of the gold and 90 per cent of the silver. The pilot 
plant in Mexico successfully treated ore containing 2.8 to 13 
per cent Mn 02 and 12 to 20 oz. silver. The Clevenger kiln 
(U. S. Patent 137908, May 24, 1921) was fired with producer 
gas with the following analysis: CO, 15 per cent; CH 4 , 5.5 per 
cent; H 2 , 4.6 per cent; CO 2 , 6 per cent, the remainder being 
nitrogen. 

The general conclusions as to the operation and efficacy of 
the Caron process are: 
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1. Size of ore fed to the rotary kiln may be as coarse as 1 to 2 in. 

2. Producer gas of 150 B.t.u. or higher, made from any fuel, may be used. 

3. Temperature range is 600 to 700, best at (KIO^C. 

4. Calcine should be discharged into an inert atmosphere or directly 
into cyanide solution. 

6. Unaltered MnOs after calcining should be determiiu'd. 

6. Alkalinity control is important. 

7. Excess air should be used during grinding and agitalioTi. 

8. Gold in some manganese-silver ores is amenable to dirc*c1 evanidation, 
and its extraction is not increased by reduction. Gold in other ores follows 
the silver and is more or leas refractory and is benefited as much as silver by 
reduction. 

9. Silver extraction of 60 per cent from raw' ort^ may be inereasi'd to 
from 88 to 96 per cent. 

10. Cyanide consumption is not affected by MnOo. 

11. Lime consumption may bt^ 16 11>. per ton. 

12. A daily economic ininiinum-treatinent plant for the.s(‘ on*s is 200 tons, 
and the cost could approach $1 (4 slullings) per ton, the equivalcMit of dead 
roasting and treating a low-sulphur ore. 


Caron described the application of the proe(\ss at I'tinibang 
Sawah, Sumatra, Dutch East Indies, a translation appearing in 
the M.J, (London) Feb. 19, 1927. The ore, mainly quartz, 
carried 18 per cent manganese dioxide, 30 oz. silvtT and 8 dwt. 
gold. After being crushed to 1 in., it was heatc‘d 4 hr. in a 
rotary kiln. It remained 1}/^ hr. in th(» rc*du(*ing section of th(^ 
kiln in producer gas at GOO'^C. Tlu^ Mn 02 was reduec'd to 
2 per cent. The ore was then ground and eyanid(‘d, yielding 
87 per cent of the silver and 97 per cent of the gold, as compared 
to 25 per cent by raw treatment. Chemical consumption was 
2.2 lb. cyanide, 5,5 lb. lime and 1.3 lb. zinc per ton ore. 

A very complete bibliography covering the tr(»atment of 
manganese-silver ores is given in BuL 226, U, S, B. of Af., 1925, 
by Clevenger and Caron. 

McClusky Process. —Manganese is found in varying per¬ 
centages in the ores at Fresnillo, Mexico; although, fortunately, 
the average content is not enough to necessitate special treat¬ 
ment, ores from some parts of the mine contain sufficient manga¬ 
nese to affect seriously the extraction of the silver. To improve 
the extraction on this relatively small quantity of refractory ore, 
S. P. McClusky, formerly metallurgist with the Fresnillo com¬ 
pany, developed a modified method of what has become known 
as the sulphur dioxide process for manganiferous silver ores. 
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This is described by W. E. Crawford in Tram, 112, 

1934. 

Briefly, the metiiod consists of (1) grinding of ore in water; 
(2) subjecting the pulp to the action of sulphur dioxide gas to 
dissolve the manganese minerals; (3) precipitating the dis¬ 
solved manganese with a lime emulsion; (4) aerating the pulp 
and finally (5) cyaniding in the usual manner. The ideas 
involved in the method arc (a) that part of the silver is in too 
close association with the manganese minerals which inhibit the 
action of cyanide solution on this silver; (6) that when these 
minerals are dissolved by SO 2 the associated silver is liberated 
and thereby becomes accessible to the solvent action of the 
cyanide solution. Moreover, if the dissolved manganese is 
then precipitated by lime emulsion and oxidized to the manganic 
state by aeration, it no longer affects extraction, although it 
still remains in the pulp. 

The content of silver in the ore and the gain in extraction by 
sulphur dioxide treatment, plus the cost of tlie process, are the 
criteria by which the applicability of the process to manganiferous 
silver ores may be judged. At Fresnillo argentite is the pre¬ 
dominant silver mineral. It is associated with pyrite and 
manganese mineral. 

In practice, the on^ is ground in a weak, spent'' solution of 
0.008 per cent KCN so that 30 or 35 per cent passes through a 
200-mesh sieve, and 1 per cent is coarser than 10 mesh. The 
pulp then flows to a 4-in. Wilfley centrifugal pump, which 
delivers the pulp to the top of the first and second of the sulphur- 
dioxide treatment towers, which are sealed, airtight chambers, 
three in number. These towers are of wood, 3 by 3 ft. in cross 
section and 17 ft. high, with wooden baffles lined with white-iron 
plates. The purpose of the baffle plates is to disperse the pulp 
as it falls through the tower, so that it may come into intimate 
contact with the ascending current of SO 2 gas. The flow of 
the pulp and SO 2 gas is countercurrent, the pulp is constantly 
enriched in acidity and the gas mixture progressively depleted 
of S ()2 from unit to unit. The final result is that the gas exhaust¬ 
ing to the atmosphere contains slightly more than 1 per cent SO 2 
indicating a total absorption of 85 per cent of the available SO 2 . 
The gas used in this process and in the cyanide-regeneration 
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plant described elsewhere is produced by roasting the pyrite 
from flotation in seven-liearth Herreshoff furruic<\s. 

From the SO 2 absorption towers the pulp passes through 
five conditioner tanks arranged in series. An emulsion of 
lime is added to the fourth tank for the j)urpos(‘ of precipitating 
the dissolved manganous and ferrous compounds, as manganous 
and ferrous hydrates. Tlie low-pressure air in this and the fifth 
tank assists in oxidizing the manganous and ferrous i uinpounds 
to manganic and ferric compounds. Aft(‘r i)assing through the 
last conditioner tank the pulp is n^turned to the mill for regrind¬ 
ing in a 6- by 14-ft. Traylor ball mill in (dosed circuit with a Dorr 
bowl duplex classifier. The ovc^rflow of tui,- classifi(*r, which 
averages 60 per cent minus 200-mesh matenMl, joins the feed of 
the plant treating the regular silver ore. 

The gain in extraction accomplishcHl by the sulphur dioxide 
tn^atment varies considerably with diffen'iit or(‘s, but it appears 
to be in direct proportion to the amount of mangan(\s(‘ dissolved 
by the gas, approxiiiiattdy 7 grams silver for (wery 0.1 p(»r c(‘nt 
dissolved manganese. An incrc^asc^d r(‘covery by tliis treatment, 
of 25 grams silver per ton, represented a substantial (economic 
advantage when silver was quoted at around 30 cts. (U. S. A. 
currency) per oz. 

The laboratory pilot test, carri(^d out daily in conjunction with 
the plant treatment, oftoi showed as much as 35 grams additional 
recovery of silver. Mixing of the SOa-treated slinu's with the 
general mill slimes made it diflScult to check the actual additional 
recovery in the plant. 

An interesting point is noted in connection with t(*sts for the 
oxygen content of solution in the pulp leaving the final treatment 
tank of this unit. This solution is entindy devoid of fr(;e oxygen; 
moreover, it required several hours of vigorous agitation with 
air to satisfy the oxygen-consuming requirement and to render 
it susceptible to the absorption of free oxygen. In view of this, 
it is quite possible that a separate cyanide circuit for thcise treated 
slimes would be a distinct advantage, especially if it were m 
designed that several hours of agitation and aeration could 
be given prior to the addition of cyanide. 



CHAPTER XIII 


TREATMENT OF OLD RESIDUES 

Source of Residues. —Residues may consist of untreated sand 
and slirne from a stamp mill; sand and slime from a cyanide 
plant, following either raw treatment or a roasting process; 
raw-treated or roasted concentrates or flotation plant tailing. 
All of these types of residues require careful sampling and testing 
for treatment. 

Many millions of tons of abandoned sand and slime have been 
treated both profitably and unprofitably in Arizona, California, 
Nevada, Montana, Mexico, Australia, Africa and India, and men 
are seandiing constantly for other dumps. 

Condition of Gold. —Frequently much of the gold or silver in 
residues that have come from cyanide plants is in soluble form. 
It had either not been thoroughly washed, or the cyanide remain¬ 
ing in the residue may have continued the dissolving action for 
a time aftc^r the pulp was sent to the dump. The cyanidation 
of such material is sometimes largely a matter of washing out 
the dissolved metals and precipitating them as quickly and as 
cheaply as possible. 

As proof of the soluble form of the gold and silver in dumps 
and of the continued dissolution, we have only to refer to the 
metal-bearing efflorescence that rises by capillary action to the 
surface of certain residue heaps. The dumps at Tonopah 
(silver) and at the Kalgurli and United Eastern (gold) are 
examples of this i)henomenon; the material collected by scraping 
and sweeping is worth shipment to a smelter or feeding into a 
mill circuit. 

At Tonopah, Ncv., according to M. W. von Bernewitz in M. 
and S,P., Jan. 18, 1913, the salts on the residue ponds formed a 
crust with the top }4 in. of slime. The crust was scraped off 
with garden hoes or whisk brooms. Weather conditions w^ere 
important; better results were obtained on warm days. The 
value of the product depended upon the care taken in scraping. 
The scrapings assayed $30 to $130 per ton and averaged $40. 
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If the deposit was thick, one man could collect a ton of the 
material, although the production, generally, was but half this 
amount. The Tonopah companies let this job to lessees who 
paid as much as 30 per cent royalty. One lessee sent his product 
to the Selby smelter, California. At another mine, the scrapings 
were sampled, fed into a tube mill and mixed with the ))ulp being 



treated. At another plant, the scrapings after being sampled 
were mixed w’ith the ore being fed to tin* mill. 

At the United Eastern plant, according to E. M. Bagley, 
previously cited, the slime residue was distributed to ponds or 
benches. Each was built up 8 to 12 ft. and allowed to stand 
untouched for several months. Meanwhile, a layer of salts had 
accumulated on the surface. Three crops could be gathered 
before the material became too poor to be profitable. After 
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that, the residue was built up to a similar height, and the process 
repeated. The skimmings were trucked to the plant and fed 
to the ball-pebble mills. An analysis of this material follows. 


Analysis op Dump Efflore8(!BNce, Per Cent 


Constituent 

Amount 

Constituent 

Amount 

Water. 

13.81 

Sodium chloride. 

11.10 

Silica. 

47.75 

Iron. 

Trace 

Calcium carbonate . 

23.47 

Thioevanates. 

Trace 

Sodium carbonate. 

0.37 

Cyanides. 

None 

Sodium bicarbonate. 

2.81 

Alumina. 

Trace 

Sodium 8iilx)hate. 

4.60 

1 


It cost 1.4 cts. per ton to treat this material as described. 

AMERICAN RETREATMENT 

Residue from Amalgamation. —1. Tailings at the Yellow 
Aster mine at llandsburg, southern California, consist of two 
dumps—one of 1,000,000 tons averaging $1.35 per ton, and the 
other of 1,000,000 tons assaying 85 cts. The average assay 
for both dumps is $1.04. The material is clean and consists of a 
highly siliceous gangue, according to C. R. Forbes in E. and M.J.^ 
March, 1934. The ore had been stamp crushed through 20-mesh 
screens so that the slime content is low. The climate is favorable, 
and water and electric power arc available. 

The main problem at this plant was the handling of the 
tailings in and out of the leaching tanks, but this difl&culty was 
overcome by the patented method of G. H. Wyman, Jr. The 
vats instead of being round are rectangular in shape; they are 
made of %-u\, steel and are 100 ft. long, 14 ft. wide and 6 ft. deep. 
In operation a scraper slides on the unloading rails and discharges 
the residue over the end of the tank into a hopper which in turn 
discharges on to a belt conveyor which carries the residue to a 
high dump. Loading of the vats is done by a scraper of 4 cu. yd. 
capacity which is operated by a three-drum electric hoist con¬ 
nected to a 75-hp. motor. The scraper carrier rope, bridle line 
and snatch-block arrangement is a modification of regular 
practice. A charge of 160 tons sand fills the vat to within 16 in. 
of the top. Nine hundred tons can be dragged 300 ft. in 4 hr. 
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A cycle of operations comprises 2} 2 hr. each for loading and 
unloading, with three men. Cyanide solution is pumped through 
the bottom of the vats to within 6 in. of the top and remains 
there 24 hr., is then circulated for 2 hr. and stands another 
24 hr., after which the solution percolates through the sand. 
Washing on the top continues for 2 days followed by a water 
wash, for a total i)eriod of 4 days. After th(^ solutions are 
filtered, the gold is precipitated on zinc shavings. 

Lime is added to the sand during loading op(Tations at the 
rate of 3 lb. per ton. The solution carri(\s 2.2 lb. cyanide* i)er ton. 



Fig. 1 ^ 1 .—A typical Aiistraliaii residue-treatment plant at Bendigo, Victoria. 

I^ead acetate is added, before washing starts, at the rate of 1 lb. 
per tank of sand. The zinc boxes are cleaned up after three 
tanks of sand have been treated, and the resulting precipitate 
is melted in a crucible using a gasoline burner, giving a low-grade 
bullion which is shipped to the mint. Slag from the melts is 
ground in a small crusher and concentrated on a laboratory-size 
Wilfley table. The concentrates are remelted, and the tails are 
saved and later sent to a smelter for treatment. 

Operating costs are 27 cts.; and as the 70 per cent extraction 
was equivalent to 55 cts. gold, half of this is profit. 

2 . Tailings from the stamp-amalgamation-concentrator mills 
of the Mother Lode of California have been undergoing cyanide 
treatment for many years. This material comprises both accu- 
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mulations from earlier operations and tailings currently produced. 
Interest in tailing treatment is revived by the 1000-toii plant 
erected by the Kennedy Company to handle a dump of 
million tons. The customer plant of the Amador Metals 


Duma 

20 percanf o/us 200’m<ssh 
i "yard aa<so//ne s/fo^ 


ton trucks 


ocraocr 

Niagara s cree/7 r/ifh / round ho/es 
3/imc mi/e^ ^if h barren sotut/on 
2 “ IV//f/cu pump 
Dorr c/as s/fter 


" 3x20* Tube-m/7/ 


4 percent o/us200-mesh 


aaitat€>rs €x24* 


2 Dorr jsr/maru 
2 Dorr trau thickeners /Sx 30 * 

2 Scconctaru oa/tatons Gx 24 * 

3 Seconctaru aoJtators/0jrt6* 

20//ycr f/7^rs tfixJ2* 


J2esic/ue A? efump nttrafe to prec/piAafton 
Fig. 132.—Retreatmont plant at Teck-Hughos mine, Ontario. 

Reduction Company receives 250 tons tailings a day from the 
Argonaut mill, and the Central Tailings Works receives 125 tons 
from the Central P^ureka mill. According to M. N. Colman in 
E, and M.J,, November, 1933, a typical form of procedure Ls 
to separate all sand from slime by means of mechanical classifiers, 
leach the sand, agitate the thickened slime and filter it and 
precipitate the gold from the cyanide solutions on zinc dust. 
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Carbonaceous matter, generally associated with the slime, is 
troublesome. A coal-tar product is mixed with the slime 
and prevents premature precipitation. The investigation of 
E. S. Leaver and J. A. Woolf published in T.P, 481, U, S, B. of M,y 
1930, will be remembered in this connection. They concluded 
that the gold lost in the mill tailings is largely in the remaining 
sulphides and carbonaceous material. The sand usually gives 
satisfactory recovery by direct cyanidation, but Leavei and Woolf 
prefer to float the mineral from the slin e and roast and cyanide 
the concentrate. Evidently, some operators have followed this 
advice in California, and flotation of old tailings is being 
practiced. 

Two-hundred-mesh Residue.— During suitable' weather the 
Teck-Hughes company at Kirkland Lake, Ontario, treats old 
residue from previous cyanide operations at a rate of 225 tons 
per day. This material, of which 20 per cent remains on 200 
mesh, contains 20 per cent moisture. Figure 132 shows the 
flow-sheet of operations. 

The scraper mentioned in the flow-sheet is a miiu' drag scraper. 
The purpose of the screen is to eliminate inisc(‘llan(‘ous rubbish 
which has become mixed with the old residue. Th(' barren solu¬ 
tion (1 lb. KCN and 1.2 lb. CaO per ton solution) comes from 
the plant in which ore is being milled. Barren solution and wat(*r 
are used as washes on the filters. The strong(\st solution uses 
1 to 3 lb. KCN and 2 lb. CaO per ton. The pn^gnant solution 
is sent to the plant treating ore for precipitation. 

The plant is more elaborate than many such installations. 
The 70 per cent recovery of gold is made at a cost of 95 cts. per 
ton residue handled. 

MEXICAN RETREATMENT 

Lixiviated Patio Tailings. —Near Fresnillo, Zacatecas, Mexico, 
the Fresnillo Company has treated several hundred thousand 
tons of tailing assaying 96.5 dwt. in silver and 0.32 dwt. in gold 
from a lixiviation plant which treated old patio tailings. After 
being screened of rock and plus material, nearly 10 p<?r 

cent remains on 4 mesh, and only 18 per cent is minus 100 mesh, 
according to W. E. Crawford in Trans, 112, AJ.M.E,, 1934. 
Apart from the low value of the material, the big problem 
was its transportation 1.2 miles against a head of 147 ft. 
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Considerable experimentation with sand pumps was necessary. 
Eventually, a 6-in. pipe line was laid with four 5-in. motor-driven 
sand pumps in series, each discharging into the suction of the 
next pump. Shell liners and impellers are of white iron and 
last 250 hr., pumping 550 to 650 tons dry sand and slime daily. 
Pulp dilution with mill solution is 4 to 1. The pulp is reground 
in a Traylor ball mill in closed circuit with an 8- by 26-ft. Dorr 
duplex clasnsifier. Then it mixes with other ore pulp in the 
Fresnillo plant and is eventually separated into sand and slime. 



CHAPTER XIV 


COSTS AND POWER CONSUMPTION 
ANALYSIS OF COSTS 

The tabulated ('osts and power consumption in this ciiapter 
are from various sources but mostly from the descriptive artick^s 
in current publications. Data with n^gard to the cost of produc¬ 
ing gold during the years 1934-1935 are from T.P. 709, A.I.M.E.f 
“Effect of Revaluation on the Gold-mining Industry,” by John 
J. Croston, and are r('j)roduced heni by spt'cial permission. 
Only where a group of mines operat<^s in a single district are costs 
comparable, and then only with reservations. In general,cost 
syst(nns are fairly uniform, yet in studying (‘osts of a miinber 
of plants it is noticeal)le that some details do not includes coarse 
crusliing or the shipment and outside treatment of (ronc(‘ntrates. 
These operations arc^ proper charges against on* dressing and 
treatment, from the first stage of coarse crushing, whether it be 
underground or on the surface, to the disposal of the residue 
and the recovery of bullion and returns from products sold; 
civerything is properly chargeable against the mill. Tliis includes 
the cost for labor, power, supplies, repairs and compensation. 

As to power consumption, its distribution is simple. A motor 
is direct or belt connected to a mill or other machine, and a 
certain amount of power is metered. In (California, Montana 
and Nevada in the United States and in Indita, New Zealand, 
Ontario and Transvaal, liydro- and steam-ek»<*tri(! power are sold 
at fixed rates per horsepow(*r year, and this simplifies charges. 

Cost of Plant Construction 

Factors in the cost of building ore-dressing and treatment 
plants are type of ore, daily tonnage, accessibility of the mine 
and the simplicity or complexity of the process. A mill in which 
amalgamation alone is employed may cost $450 to $700 per ton 
ore treated per day; all-slime cyanide plants, $800 to $1400 per 
ton; all-flotation plants, $600 to $800; cyanide-flotation or 
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•• Per cubic yard. “ Exe’urive of development cost. 

Includes 2266 oi. from retreatment. *" Inc^.ides 4.246 oa. silver. 

’* Mine expense only; no general or administrative expense. " Extremely high silver makes cost after crediting silver content not 

Before tnxee. comparable. 

** Plus 40,290 tons of tailings. Hydraulicking. 
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flotation-cyanide plants, at least $1000 per ton-day. On the 
Rand, a plant consisting of crushers, stamps, tube mills and 
separate sand and slime treatment to handle 60,000 tons per 
month costs around £400,000 ($1,900,000), whereas one with 
crushers, tube mills and all-slime treatment costs £300,000 
($1,400,000). Those in charge of small mines being developed 
or already equipped to handle up to 100 tons ore daily will 
find considerable information of value in I.C, 6800, U. S. B. of M., 
1934, '^Mining and Milling Practices at Small Gold Mines,"' 
by E. D. Gardner and C. H. Johnson. 

Treatment Costs 

Amalgamation. —The Porcupine United Gold Mines at 
Timmins, Ontario, in 1931 had a 25-ton pilot mill for the amalga¬ 
mation of a high-grade or(\ Costs w(Te as follows: 

C(»sT OF Milling and Amalgamating 






Total, 

1 trill 

Labor 

Power 

Supplies 

C(MltS 





per ton 

CrushiiiK. 

21.4 

13.5 

3 5 


Grinding. 

42.9 

18.0 

1().2 

77.1 

Clas.sifying, screening, coiiv'eyiiig, 

1 

! 1 

! j 


refilling. 

42; 9 

9.0 1 

10.7 

02.0 

MiHCM‘lliiiieuii.s. 

1 . 


7.0 

7.0 

Total. 

107.2 

40.5 

37.4 

185.1 


Grinding, (i5 inrr <'(‘nt through 200 ui«‘»h. 

The initial cost of building a flotation plant is usually con¬ 
siderably less than the initial co.st of a cyanide plant of similar 
capacity. Likewise, the operating cost of flotation is usually 
lower than that of cyanidation. The capital cost of increasing 
the Benguet Consolidated plant in the Philippines from 500 to 
750 tons per day with flotation was only a little more than 
one-fourth of the cost of increasing the all-cyanide plant from 
300 to 500 tons. 

Gold 

At Alaska-Juneau, Alaska. —The following milling costs at 
the concentrator of the preceding mill for the year 1931 are 
taken from an article by W. P. Scott, mill superintendent, in 
E, and M,J., September, 1932. 
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The total operating cost per ton rejected by sorting follows: 


Cents per Ton 

Coarse crushing per ton discarded. 2.62 

Sorting. 3.27 

Coarse screening. 0.06 

Waste-rock disposal. 6 55 

General operation and inaintcimnce. 1.71 


14.21 

Total ton8 cliHCurded, 11>31. !,8(>3.332 

Cost of Fine Milling p(T Ton Milled 

Coarse crushing. 2. ()2 

Sorting. 1.38 

Screening. 0.07 

Intermediate crushing. 0.72 

Fine grinding. 15.56 

Concentrating. 1.62 

Retreatment. 1.47 

General operating and inaintenance. 4 . Ki 

Total per ton. 27.60 

Tons milled. 2,299,018 


Average combined cost for treatment of total ore mined, (4,162,350 tons), 
21.60 cts. per ton. 

Grinding, 25 per cent through 200 nienli, through ]() uirmU. 

At Coniaiirum, Ontario.—During 1933, thc' ('oniaunirn mill 
in the Porcupine district treated 145,657 tons on? at the following 
cost: 


Cost of Coniaurvm Tubatment 


Operation Cents per Tt)n 

Crushing, screening and conveying. 24.9 

Milling and classificat ion. 17.5 

Agitation and tliickcning. 5.9 

Classification and precipitation. t3.9 

Cyanide and lime. 8.4 

Filtration. 9.3 

Residue disposal. 5.4 

Pumping pulp and solution. 3.5 

Refining. 12 

Total. 80.0 

Grinding, 70 per cent through 200 mesh. 


At Golden Cycle.—The Golden Cycle mill at Colorado Springs 
treats Cripple Creek and other ores at the following cost for the 
former class, at a rate of 818 tons per day: 
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C 08 T 8 (1935) IN' THE Golden Cycle Mill 


Operation 

Cents 
per ton 

Operation 

Cents 
per ton 

Unloading ore. 

7.10 

Chemicals (cyanide 15)^ 


Sampling (includes crushers 


cts.). 

20.23 

and rolls). 

13.90 

Supervision. 

3.92 

Symons crusher. 

6.34 

Office. 

4.16 

Comminuters. 

11.57 

Yard. 

1.75 

Screens and elevators. 

2.06 

Bullion. 

3.55 

Roasters. 

63.51 

Outside lighting. 

0.16 

Chilean mills. 

12.49 

By-product. 

1.13 

CJonveying. 

13.13 

Flue dust. 

1.07 

Amalgamating. 

2.23 

Umpire expense. 

0.20 

Classifying. 

0.83 

Sundry buildings. 

1.39 

Sand leaching. 

4.75 

Railroad tracks. 

0.71 

Slime treatment. 

5.85 

Wat erworks line. 

1.18 

Filters. 

3.91 

Track scales. 

0.03 

Clarifier . 

1.10 

Watchmen and fire. 

1.14 

Precipitation (zinc). 

6.98 

All insurance. 

3.36 

Refining. 

4.19 

General t^xpense. 

5.85 

Residue disposal. 

6.83 



Assaying. 

4.79 

Total. 

$2,214 


Cirinding, 3A f>er miiitm 200 nieah, uli through 20 menh. 


Of the total, labor cost 54.5 cts. for operation and 10.9 cts. 
for repairs. The labor costs were distributed as follows: Roast¬ 
ing, 22 per cent; conveying, 11 per cent; sampling, 8 per cent; 
general items, 14 per cent; the remainder being fairly uniformly 
distributed in the other items. Power accounted for 25.5 cts., 
supplies 62.3 cts., other repair items 9.9 cts., and miscellaneous 
charges 31.1 cents per ton. Water cost almost 11 cts. per 1000 
gallons. 

At Hollinger, Ontario. —During 1935 the Hollinger plant 
treated 1,837,153 tons ore at a total cost of 64.7 cts. per ton, 
according to a statement sent direct to the author. These 
figures differ from the year 1934 in that the production was 63,- 
337 tons less and the cost 5.2 cts. per ton more. 

Some details of these costs will be more informative than 
the totals. For instance, general charges include 0.37 ct. for 
water; milling includes 7.29 cts. for rod mills, 5.90 cts. for pebble 
mills, 1.07 cts. for classifiers and for other charges around the 
circuit, 0.94 ct. Three-step decantation costs 2.52 cts., and 
primary filtration 2.36 cts. per ton treated. 
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Cost of Hollinoer Treatment for 1935 


Operation 

1 Cents 
^ per Ion 

Operation 


1 Cents 

1 per ton 

General charR'^s 

I 3 03 

Reflner^ 


1 

1 1 30 

Crubhing 

6 10 i 

Lime 


1 55 

Tramming and shoveling 

2 42 

C^ anidt 


' 6 95 

Milling (grinding) 

15 28 

Assa\ ing 


1 I 44 

Pniiiarv thickening 

0 51 

Heating 


1 05 

Agitating 

0 70 

1 Lighting 


1 0 79 

Pumping pulp 

1 36 

Superintendence and iiiisi 

1 1 14 

“Tabling 

3 40 

Sampling and (xpcriinintal 

, 0 89 

Sulphide treatment 

3 29 

Budding inuntenaiHi 

and 


3-step decantation 

0 92 

alteration 

1 

1 2 76 

Primary filtration 

1 49 

Kkctridil piipnidit 

and 


Secondaiy filtration 

2 53 

imuntenatue 


I 12 

Tailing disposal 

2 05 



— 

Pumping solution 

0 <>8 

Tot il 


t»4 74 

Prei ipitation 

1 87 





I hii* figure iR 0 ^ (tH liighr i thmi tlir av< luge of 2 *> (l« foi tl» pubt 7 yi tilR ulul this w 
due to mujdi iiltfrutioiih in thit« Hiclioti duiinfc1)i< v«ur 

Qrmdiug 2 to 3 per cent pluM 48 iiuhIi ami 65 p4i cent itirough 200 mtHh 


At Homestake, South Dakota. —In ti(‘aiiuK about 1,400,000 
tons ore a yoar at the Homestake mine, South Dakota, by a 
fairly simple process of amalgamation and (yanidation of tin* 
sand and slime of an ore carrying free gold and gold in pyrite, 
liyrrhotite and arsenopyiite, costs are substantially as follows: 


Costs (1929) of Miliinu and TuEAiMi-vr at lIoMhsiAKE 


Item 

CVnts per Ton 

Crushing 

3 8 

Milling 

27 6 

Cvaniding 

18 9 

Total 

50 3 

At Souiii PiaANI (Miiiino Onm ) 

Stamps 

8 9 

Rod nulls 

8 4 

Amalgamating 

1 4 

Tube millh 

1 4 

Assaying and refining 

1 3 

Superintendence 

1 1 

Miscellaneous 

1 0 

Total 

GnndiriR. 47 per cent through 200 me»h, through 50 mp»h 

23 5 
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At Howey, Ontario. —At Red Lake the Howey mill is treating 
1100 tons ore daily by cyaniding a pulp of which 40 per cent 
through 200 mesh is fine enough to liberate the gold. The cost 
of doing this is as follows: 

Cost of Howey Treatment 


Operation Cents per Ton 

Sorting. 4.3 

Crushing and conveying. 11.1 

Grinding and classifying. 27.7 

Thickening and agitating. 4.0 

Filtering. 6.2 

Clarifying and precipitating. 2.2 

Reagents. 5.8 

Laboratory and assaying. 1.2 

Refining. 1.4 

Heating. 1.2 

Residue disposal. 1.0 

Mill alterations. 0.1 

Pumping. 3.8 

Total. 69.0 

(IriiidiiiK, 40 per cent through 200 mesh. 


The original talde in C.A/.J., October, 1934, did not include 
the first two items, so these have been added from the same 
article. 

Costs at Kolar, India. —In 1933 the cost of ore treatment at 
Kolar by stamping, blanketing, amalgamation, grinding and 
cyaniding of slime was as follows, based on 659,448 tons ore: 


Treatment Cost at Kolar 



Pence 

Cents 

Operation 

per 

per 


ton 

ton 

Transport. 

4.4 

8.8 


Sorting and cnishing. 

3.2 

6.4 

Stamping. 

: 14.4 

28.8 

Cone classification. 

2.6 

5.2 

Tube milling. 

i 10.6 

21.2 

Sand (old residue) and slime treatment. . .; 

1 17.3 

34.6 

Total. 

52.5 

105.0 



Orinding, 75 to 80 per cent through 200 mesh. 
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In 10 years, costs have been reduced 12 pence or 24 cts. per 
ton, a worth-while achievement when treating more than 
600,000 tons in one year. 

Lake Shore Mill Costs 

The following operating costs cover the new flow-sheet (see 
description of Lake Shore mill, Chap. XII) straight cyanidation 
when grinding to about 9 per cent plus 40 microns with about 
38 per cent minus 10 microns. (44 microns = 325 mesh, and 
9 microns = 1600 mesh.) 


Detailkd Operatinq Costs for February, MAUf-ii avd April, 1936" 
(Daily Avorago Food, 2500 Ton^ i 



Operation 

Cost per 
ton of ore 

Operation 

Cost per 
ton of ore 

1 

Conveyor and ore bins 

UO.OOO' 

\ 



2 

Primary crushing 

0 037 




3 

Final crushing 

0.065[ 

Crushing and eonve^v- 

$0 143 

4 

Niagara screens 

0.0()()( 

ing 


5 

Mill conveyors 

0.017 




6 

Screen house (chip 

0 009, 

I 




renioval) 




7 

Ball mills 

! 0.163' 




8 

9 

Simplex classifiers 
Elevation 

o.oioi 

0.013 


Grinding and classifi- 

0 406 

10 

Tube mills 

o.iail 


cation 


11 

Bowl classifiers 

0.029J 




12 

Agitators 

0.030! 




13 

Thickeners 

0.044i 




14 

15 

Chemicals 

Primary filters 

0.170 

0.054 


Treatment: 

cyanidation 

0.400 

16 

Final filters 

0.072 


17 

Clarification 

0.008 




18 

Precipitation 

0.022 


1 


19 

Slimes disposal 

0.010 

SliiTKiH disposal 

0.010 

20 

Mill, general 

O.OOfij 

» 1 
- 1 

General 

0 067 

21 

1 Fire protection 

0.0011 



22 

Refinery 

0.024 I 

Refining 

0.024 

23 

Experimental 

1 

0.024 1 

Experimental 

0.024 


Total 

$1,074 

Total 

$1,074 


Nots. —Amaying amounts to 2.2 cts. per ton. This has been charged against the units 
affected in the figures shown above. 

■ By R. W. Mancantelli. 
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Average Rebul/tb of Mill Absays for the Monthb of January and 
February, 1036,* Lake Shore 

(For the Purpose of Comparing the Commercial Results at 2300 Tons and 
2600 Tons per Day) 


Operation 

January 

February 

Daily average tonnage. 

2320 tons 

2500 tons 

i +40 microns. 

6.8 

9.1 

Grind < +28 microns. 

23.6 

26.6 

( —10 microns. 

39.1 

38.3 

Heads. 

j 0.5409 oz. 

0.5585 oz. 

Ull.181 

$11,544 

Primary agitator feed. 

2.69 

2.57 

Primary agitat-or discharge.... 

1.94 

2.04 

Secondary agitator feed. 

1.88 

1.99 

24 hours* agitation. 

0.44 

0.484 

37 hours’ agitation. 

0.41 

0.460 

Secondary agitator discharge.. 

0.404 

0.445 

Tertiary agitator feed. 

0.404 

0.445 

Tert iary agitator di8<*harge- 

0.404 

0.446 

Final agitator feed. 

0.404 

0.446 

Final agitator discharge. 

0.404 

0.446 

Final tails. 

^0.404 
(0.0196 oz. 

0.444 
0.0215 oz. 

Extraction. 

96.38% 

96.15%, 

Sulphvir. 

0 96% 

0.97% 

Cost per t<m milled'*. 

$ 1.15 

$ 1.08 


* FiguroH compiled by II. W. Mancunielli. 

" All coNtM include experimental work. 

Costs at Lava Cap, Grass Valley, Calif. —When operating at 
one-third capacity, the 300-ton flotation plant of the Lava Cap 
Gold Mining Corporation, Grass Valley, Calif., treated gold- 
silver ore at a cost of 67.4 cts. per ton as follows: 

Cost (1935) of Floating 100 Tons per Day 


Operation Cents per Ton 

Labor. 18.5 

Compensation insuninee. 0.8 

Steel balls. 11.7 

Chemical supplies. 14.1 

Power. 19.4 

Assaying. 2.0 

Surface maintenance. 0.9 

Total. 67.4 


Grinding, 73 per cent through 100 mesh. 

Concentrates are trucked to a smelter. 
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Costs at Mclntyre-Porcupine, Ontario. —In the McIntyre- 
Porcupine mill 2400 tons daily is treated by flotation, producing 
250 tons as a concentrate which is cyanided and tailing which 
is discarded. The cyanide plant luis a (^apa(*ity of 400 tons. 

Milling and Floating in MoIntyke-Poucoi'INe 


Operation ( I s ] )er Ton 

CruHhing and (.•onv<‘ying. !0 ,‘{7 

Flotation. 27.64 

Cyan idat ion. 26 92 

Refining. 2.24 

Assaying. 1.43 

Mill alterations. 1.2 

Total. 69.8 


GrindinK, mill hradN to 8 per cent plus (15 menh, refcrirulinK (‘.r>tic'eiitrule (250 tons) to 
00 per cent minua 200 mcHh. (10.‘I5 ccwita.) 

Costs in Montana. —The* con(H*ntrating plant of Montana 
Mines Corporation, near Helena, Mont., in 1931 reported the 
following costs to the U. S. Bureau of Min(*s: 

Milling and Floating in Montana 


Operation Cents per Ton 

Crushing and eonvoying. 16,2 

Grinding. 29.0 

Flotation (reagcMits 6.3 cts.). 26.8 

Residue disposal. 6.2 

Water. 1.2 

Repairs and maintenance. 23.3 


Total. 100.7 


GrindiiiKi 60 per cent throuKli 200 mesh, all through 80 in«*nh. 


This plant was treating 150 tons p(*r day. Power, whitrh 
cost 0.8 et. per kw.-hr., amounted to 20.7 cts. ptir ton of the total 
charges. 

At Morro Velho, Brazil. —In treating 264,694 tons gold-silver 
ore at the Morro Velho, Brazil, in 1932, by a se(»mingly compli¬ 
cated process of concentration and cyanidation of an ore carrying 
arsenopyrite and pyrrhotite, the cost wa.s as follows, atreording 
to J. H. French and Harold Jones in Bul.y I.M, and M., July, 
1933: 
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Cost of Milling and Treatment at Morro Velho 


Item 

Pence 
per ton 

Cents 
per ton 

Hauling and breaking. 

4.261 

8.522 

Milling. 

4.747 

9.494 

Concentrating. 

1.318 

2.636 

Tube milling. 

5.491 

10.982 

Reconcentrating. 

0.754 

1.508 

Repairing and maintaining plant. 

3.208 

6.416 

Power and lighting. 

1.079 

2.158 

Sundries. 

0.331 

0.662 

Total milling and (ioncentrating. 

21.189 

42.378 

Cyaniding and filtering (cyanide 24.5 



pence or 49 cts.). 

29.162 

58.324 

Precipitating. 

1.538 

3.076 

Cleanup and acid treatment. 

1.026 

2.052 

Strakes. 

0.839 

1.678 

Repairing and maintaining plant. 

1.336 

2.672 

Power and lighting. 

0.553 

1.106 

Sundries. 

1 0.114 

0.228 

Special experimental work. 

0.852 

1.704 

Total cyanidation. 

35.420 

70.840 

Laboratory and assaviiig. 

2.225 

4.450 

Melting house. 

2.119 

4.238 

Refinery. 

0.404 

0.808 

Roasting furnaces. 

2.815 

5.630 

Tailing storage. 

0.551 

1.102 

Sundries. 

0.620 

1.240 

Administration and office. 

3.370 

6.740 

Total miscellanwus. 

12.104 

1. 

24.208 

Grand total. 

68.713 

137.426 


Grinding, 60 per c^nt through 200 mesh. 


Cost of Milling Mother Lode Ore. —During 15 years the 
Argonaut Mining Company, California, milled more than 
1,000,000 tons of ore by stamping, amalgamating and concentrat¬ 
ing. Costs in that period ranged from 66 cts. in 1916 to $1.41 
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in 1923 and to 90 cts. in 1926—low, high and more or less normal 
years. The charges during 1926 are as follows: 

Cost (1931) of Milling at the AnooNAUT 


Item Cents per Ton 

Labor. 27 

Power and water. 13 

Supplies. 10 

Trucking. 2 

Concentrates treatinont. 33 

Insurance. 2 

Miscellaneous. 3 


Total . 90 

Grinding all through 28 mesh hy stamp mills. C'apaeity 25(1 Ions per day. 


Thirteen men run the mill. Concentrates are treated under 
contract near liy. 

At Premier, British Columbia. —To mill and float 170,000 tons 
gold-silver ore at the Premier mine, British Columbia, it cost 
$1,067 per ton, divided as follows: 


Cost (1931) at Premier, British Coi.umhia 


Operation 


Primary breaking.. 
Secondary breaking 
Primary grinding... 
Secondary grinding. 

Classifying. 

Floating. 

Reagents. 

Filtering. 

Handling pulp. 

Lubricating. 


Cents 
per ton 

Operation 

Cents 
pc^r ton 

9.2 

Small tools. 

0.2 

7.0 

Motors and aeec^HKories. 

13 

33.7 

! Light ing. 

0.8 

11.8 

Heating. 

0.8 

1.0 

Experimenting. 

0.9 

12.1 

Building repairs. 

0.6 

5.9 

5.1 

Supervision. 

6.4 

9.0 

0.9 

Total. 

$1,067 


Grinding, 70 per cent through 200 mesh. Capacity 500 tons per day. 


Operation cost 72.2 cts. of which 23.1 cts. was for labor, and 
repairs cost 34.5 cts. of which 11.8 cts. was for labor. Power cost 
27.4 cts. per ton. 

At Reno, British Columbia. —^At the Reno mine, British 
Columbia, treatment costs on nearly 1000 tons per month were 
as follows; 
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Costs at Reno Plant, British Columbia 


Operation 


Ore Horting.. 
Crushing.... 
Grinding.... 

Tabling. 

Settling. 

Blanketing.. 
Clarifying,. . 
Precipitating 


Cents 
per ton 

Operation 

Cents 
per ton 

13.0 

Reagents. 

35.4 

19.8 

Power and air. 

85.6 

63.1 

General expense. 

9.7 

5.9 

Refining and amalgamating 

11.8 

23.0 

Superintendence. 

26.8 

5.6 

Assaying. 

17.4 

5 3 
18.2 

Workmen’s compensation. . 

2.8 

$ 3.548 


(jrindii)Ki pc'r ihrouKh 200 inenh. 


At United Eastern, Arizona. —The Unitod Eastern plant at 
Oatman, Ariz., treated 325 tons per day of gold ore suitable for 
simple cyanidation when finely crushed. Costs during eight 
years (1917-1924) averaged as follows, 732,528 tons being 
treated: 


Costs at United Eastern 


Item 

Cents 
per ton 

Item 

Cents 
per ton 

General. 

16.1 

Precipitating. 

9.5 

LightiiiK. 

0.5 

Refilling. 

7.4 

Water. 

10.8 

Sampling . 

0.3 

Coarse eriKshiiig. 

5,5 

Assaying. 

3.1 

Coarse grinding. 

35.6 

Retreating dump skimmings 

1.4 

Fine grinding. 

46.9 

1 Mill heating. 

3.1 

Cyaniding. 

52.3 

Solution recoyerv. 

1.0 

Residue disposal.. . 

2.5 

Experimental. 

0.1 

Clarifying solutions. 

3.3 

1 

i 

Total. 

*1.994 


CiriiidiiiK, H2 p«‘r ofiit t.hruuiich 200 nu*i(h. 


Wat(»r is unusually, yet naturally high in cost in the Southwest. 
(The California Rand in southern California had a charge of 
60 cts. per ton for water.) When compared wdth other current 
charges for crushing, grinding and cyaniding. United Eastern 
costs appear high. Grinding cost would have been lower if the 
crushers had reduced the ore to an inch or less instead of to 2 in. 
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At Wright-Hargreaves, Ontario.— The Wright-Hargreaves 
plant at Kirkland Lake has a daily capacity of 1000 tons of ore 
which averages $13 to $14 per ton gold and a trace of silver 
(gold at $20.67 per oz.). Co.sts average for 1935 as follows: 


Cost of Treating Orb at Wright-Hargreavf.s 


Operation 

Cemts 
per ton 

Operation 

C<»nts 
per ton 

Crushing. 

12.6 

Light and heat ... 

2 2 

Ball milling. 

24.9 

Superi n t endenei* 

2 8 

Tube milling. 

23.6 

Repair.s 

0 6 

Filtering. 

11.3 

Flotation. 

12.0 

Thickening. 

7.3 

Tailings disj>nsal. . 

3.2 

Agitation. 

4.7 

Reagents 

10.9 

Clarifying and precipitation. 

3.2 

Cleanup, spills and elevating 

0.6 

Assaying and sampling. 

4.5 

Experiments and research.. 

0.8 

Refining. 

2.8 

i 

_ 



j Total. 

$ 1.279 


Urinding, all through 200 nionh, and 85.0 per cent ininuH '^25 m<wh. 


On the Rand.—1. The costs at two Rand mines using stamps 
and tube mills are as follows: One i)lant treats 79,()()() tons per 
month, rejecting 27 per cent as waste and grinding 77 per cent 
of the mill feed through 100 mesh. The other discards 23 per 
cent, all mine fines passing direct to tube mills, and 92 per 
cent is ground through 100 mesh. 


Cost of Treatment at Two Rand Mines 


Operation 

1 Pence per Ion ^ 

Cents per ton 

Ore transport from shaft to plant. 

0.48 

2.28 

0.96 

4.66 

Crushing and sorting. 

6.11 

6.10 

12.22 

10.20 

Stamp milling. 

6.78 

5.29 

13.66 

10.58 

Tube milling. 

7.74 

10.97 

15.48 

21.94 

Cyaniding. 

10.93 

9.29 

21.86 

18.58 

Total. j 

32.04 i 

1 

32.93 

64.08 

65.86 


Compare these items ^dth those of the following example of 
tube milling only: 

2. East Geduld, Witwatersrand, has one of the new all-sliming 
plants. Its two-stage crushers and three-stage tube mills and 
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cyanide plant have a monthly capacity of 86,000 tons. The cost 
of dging this work in August, 1934, was: 


Cost op All-sliming Cyanidation 


Operation 

Cost per ton 

Pence 

Cents 

Sorting and crushing. 

6.5 

13 

Tube milling. 

13.5 

27 

Cy aniding. 

9.5 

19 


Total. 

29.5 

59 



These operations are desi^ribed elsewhere in this book. 

Silver 

At Presidio, Texas. —Cost details of crushing and treatment 
at the Presidio silver mine near Shafter, Tex., are as follows, 
based on 54,644 tons treated: 


Dihbct Costs (1929) at Presidio Mill 
Cents per Ton 


Department 

Operation 

Repairs | 


Total 

Labor 

Sup¬ 

plies 

Labor 

Sup¬ 

plies 

Power 

1 

Breaking. 

1.8 

0.2 

0.7 

0.6 

1.1 

4.4 

Intermediate brcuiking. 

1.7 

0.5 

1.0 

4.4 

2.0 

9.6 

Tube milling. 

6.7 

9.4 

2.5 

9.7 

14.8 

43.1 

Agitating. 

; 5.7 

0.5 

1.1 

2.1 

8.2 

17.6 

Filtering. 

1 2.2 

0.2 

1.4 

3.2 

2.6 

9.6 

Precipitating. 

^ 1.8 

9.7 

0.7 

1.8 

3.0 

17.0 

Drying and melting. 

! 2.4 

1.8 

0.1 

0.1 


4.4 

Pumping and elevating. 

' 0.2 

1.2 

0.4 

2.2 

4.2 

8.2 

Tabling. 

; 8.3 

1.8 

1.4 

2.2 

1.8 

15.5 

Experimenting. 

! 0.4 

0 7 




1.1 

Chemicals. 

1 1.0 

49.5 

0.2 



50.7 

Supervision. 

1 18.6 





18.6 

Total. 

1 50.8 

75 5 

9.5 

26.3 

37.7 

S 1.99 


In British coinage this is equivalent to 99.5 pence. 
Qrinding, 76 per esnt through 200 mesh. 
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The chemicals consisted of 10.78 lb. of 70 per cent available 
lime per ton, 2.37 lb. of sodium cyanide, and 0.84 oz. of zinc 
dust per oz. of silver in precipitate. 


Concentrates 


Cost of Cyanidino Conc'entrate at McIntyre-Pow'upine 
(Apr. 1, 193.5, to Mar. 31. 1936) 

Cents per Ton of Ore Milled 


Operat ion 


Tube milling. 

Agitating. 

Classifying. 

Thickening. 

Pumping ami t*lc?valing 

Filtering. 

Clarifying. 


Cost 

Operation 

Cost 

3.56 

Precipitating. 

1.37 

0.94 

Rcagentii}. 

11.50 

0.44 

Heating an 1 ligliting. 

0 37 

0.47 

2.3« 

Supervision. 

1.98 

3.22 

0.69 

Total. 

26.92 


As the ratio of concentration is 9 or 10 to 1, the cost of con¬ 
centrate treatnicnt would approximate S2.50 per ton concentrate. 

Old-residue Treatment 

At Bendigo, Australia.—Simph’i leaching of n^latively clean 
stamp-mill tailings is being done at a cost of 38 to 41 pence or 
76 to 82 cts. per ton, at a rate of 2500 tons per day. 

At Yellow Aster, California.—Simple leaching of stamp-mill 
tailing.s in 160-ton vats costs as follows: 

Leachino Cost at Yellow Akteu 


Item CcMitH per Ton 

Cyanide at 163'^i cts. per ton. 2.3 

Lime at $12 per ton. 19 

Water at $1.25 per 1000 gal. 4.3 

Zinc shavings at cts. per lb. 1.3 

Lead acetate. 0.1 

Labor. 12.6 

Power. 2.6 

Sundry supplies. 2.1 

Total, excluding royalty. 27.2 


At Kalgoorlie, Western Australia.—The sluicing and washing 
of old bromocyanided tailings at the former Horse Shoe mine 
costs 27 pence or 55 cts. per ton at a rate of 1400 tons per day. 
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Dump Treatment in India. —Following is the cost of dump 
treatment at Kolar, based on 499,000 tons ground and cyanided 
in 1933: 


Cost op Treatment in India 


Operation 

Pence 
per ton 

Cents 
per ton 

Transport and vortex mixing. 

5.7 

11.4 

Cone elassificat.ion. 

1.8 

3.6 

Tu])e milling. 

6.5 

13.0 

Slime treatment. 

16.2 

32.4 

Total. 

30.2 

60.4 



Cost of Leaching Coarse Ore 

The Mountain Copper Company, California, is cyaniding 
by loaching a gossan, and the Wasp No. 2, in South Dakota, 
leached a (luartzite at the following cost: 


Cost op Leaching in 1931 and 1932 


Item 

Gossan 

Quartz- 

ite 

Cents 

Cents 



per ton 

per ton 

Labor. 

18.2 

i 

41.1 

Cvani<le.' 

Zinc. 

18.8 

3.1 


Material. 

1 17.6 

Power. 

i 3.1 

11.6 

Repairs. 

Dioal charge's. 

4.3 

8.6 

Total. 

i 43.2 

i 1 

83.2 


The respective daily tonnages are 700 and 105. Under 
Gossan,^' material covers cyanide, lime and zinc. Under 
“Quartzite,*' power means fuel. 
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Power 


At Alaska-Juneau. —Power consumption at Alaska-Juneau 
is as follows, according to W. P. Scott in E. and M.J,, September, 
1932: 


Power Consumption at Juneau 


Operation 

Kilo¬ 

watt- 

hours 

Operation 

Kilo- 

wntt- 

hours 

Coarse crushing. 

0.4806 

Tube mills. 

S 4848 

Sorting. 

0.2586 

Ball mill (tube-mill floor). . 

6.72t»6 

Coarse-waste disposal. 

0.2268 

Concentratii!^':. . 

0.2088 

Screening (Niagara). 

0.0130 

Retreatment. .... 

0.2088 

Intermediate crushing (Sy¬ 

General mill operating. 

0.9104 

mons Cone). 

0.6036 

Assaying and sampling. .. . 

0 0230 

Screening (Hum-mer). 

Ball mills. 

0.1991 

9.5295 

Total on rock trainined. . 

6 2200 

Rolls. 

2.9771 




At Golden Cycle, Colorado. —^l"he Golden ('y(‘l(‘ mill, in tn^ating 
818 tons per day, consumed 27.6 kw.-hr. per ton with th(‘ follow¬ 
ing distribution: 

Power Distribution at Golden Cycle 


Pi>ri^pntagt^ 

Operation Total Pow er 

Sampling, including ja>v crushers and rolls. 4.56 

Symons crusher and comminuters. 18,59 

Roasting. 17.96 

Chilean mills. 24.37 

Classifying, screening, elevating, conveying. 14.33 

Amalgamating. 0.47 

Cyaniding: 

Sand treatment. 1.40 

Slime treatment: 

Agitating and settling. 5.88 

Filtering. 1.96 

Aerating. 2.32 

Precipitating. 0.36 

Refining. 0.52 

Tailing disposal. 6.34 

By-product. 0.94 


Total. 100.00 


Power charge was 0.96 ct. per kw.-hr. 
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At Mclntyre-Porcupine. —Power distribution in the Mclntyre- 
Porcupine plant, which crushes 2100 tons per day and cyanides 
only about one-tenth of it, is as follows: 

Power Distribution at the McIntyre-Porcupine 


Operation Horsepower 

Crushing (excluding underground). 279 

Flotat ion (including five tube mills). 1516 

Cyaniding (including two tube mills). 558 

Refinery. 17 

Assay office. 70 

Water supply. 33 

Heating and lighting. 80 

Total. 2553 


At Premier, British Columbia. —In crushing, grinding and 
floating 170,000 tons ore at the Premier, British Columbia, the 
distribution of 5,304,450 kw.-hr. was as follows: 

Power Distribution at Premier 

Operation 

Primary breaking.. 

Secondary breaking 
Primary grinding.. 

Secondary grinding 
Classifying. 

At United Eastern. —The United Eastern all-sliming cyanida- 
tion plant at Oatman, Ariz., used the following amount of power 
per ton of ore treated: 

Power Used in United Eastern 
Kilowatt-hours per Ton 

Operation 

Lighting. 

Coarse crushing... 

Coarse grinding. .. 

Fine grinding. 

Cyaniding. 



Per 

cent 

Operation 

Per 

cent 

4.46 

Floating. 

19.58 

7.47 

Filtering. 

4.02 

22.84 

Pumping. 

18.70 

18.32 

Lighting. 

3.17 

1,44 

Total. 

100.00 


Total 
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The coarse crushing from 2 in. was done in ball mills, which 
is much larger feed than they get nowadays. This is reflected 
in the power for the ball mills and ball-pebble mills. 

At Wright-Hargreaves. —^The instalh^d horsepow'er in the 
Wright-Hargreaves crushing and treatment plant is 2577, this 
being equivalent to 2.6 hp. per ton milled. 

On the Rand. —1. The percentage of power consumed in differ¬ 
ent departments of three Rand mills is as follows: 


Percentage of Power Consumption on Rand 




Plant 


Op<;ratian 


.— . 

1 


1 

o 

3 

Crushers. 

3.51 

3 fiO 

5 19 

Stamps. 


12.11 

10.10 

Tube mills.. 

73. ()9 

5(i.94 

55.86 

Pumps. 

4.% 

13.07 

7 54 

Cyanidatioii. 

17.81 

14 25 

15 27 


2. At East Geduld, the j)resent consuiniition of power is as 
follows: 

Mill Output and Power IThed 


Tube mills 

Minus 200 mesh 
per 

horsepower-day, 

tons 

Minus 200 mesh 
per 

tube-mill day, 
tons 

Primary (3). 

0.598 

149.87 

Secondary (10;. 

0.799 

150.51 

Tertiary (4). 

1 109 

266.43 

Average (17). 

0.841 

178.55 

t_ 


The tube-mill power units consumed per ton minus 200-mesh 
material are 21.28 kw.-hr. 

There are four sizes of tube mills running on the Rand— 
by 22, 6 by 16, 6J^ by 20 and 8 by 16 ft. Motors attached 
to these are 100 to 175 hp. for the first size, 250 hp. for the third 
size and 350 hp. for the largest mill. The drive through reduc¬ 
tion gear is common practice. The average power is 18 kw.-hr. 
per ton minus 100-mesh product. 















CHAPTEK XV 


USEFUL REFERENCE INFORMATION 

Thifi concluding chapter contains miscellaneous information^ methods 
of calculationy factors and other items to which the mUlman may refer to 
refresh his memory. 

CALCULATION. OF RECOVERY IN CONCENTRATE 

This method is from E. M. Hamilton’s Manual of Cyanidation^ 
1920: 

Let C 
H 
T 
R 
W 
P 
L 


w = X 100 

n _ 100 X C(« - r) 

me - T) 

D _ C X 100 

HXR 

y _ 100 X !r(C - H) 

R{C - T) 

426 


= assay value of concentrate. 

= assay value of heads. 

= assay value of tails. 

= ratio of concentration. 

= we'ight of concentrate in per cent. 
= percentage recovery. 

= percentage loss in tails. 
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THB ELEMENTS 

The table following has been coinpilod from the Journal 
of the American Chemical Society, 1933, and from the Handbook 
of Chemistry and Physics, 1933; 


Name 

Symbol 

Atomic 

number 

Atomic 

weight 

Weight, 
lb pf-i 1 . ft. 

Melting 

point, 

Actinium (rare). 

Ae 

81) 

227 




AI 

13 

20 97 

litH A 

058 7 

Antimony. 

Sb 

51 

121.7-5 

388.3 

030.0 

Argon (a gas). 

A 

18 

39,944 

80 4 (liquid) 

- 188 

Arsenic. 

An 

33 

74. n 

357 7 

5<K) 

Barium. 

Ma 

5(i 

137.30 

230.0 

850 

Beryllium. 

He 

4 

9 02 

114.9 

1280 

Bismuth. 

Hi 

83 

209.00 

003.7 

271 

Boron. 

H 

5 

10.82 1 

152.9 

24(M) 

Bromine (a liquid). 

Hr 

35 

79 910 

194.8 

^7.3 

Cadmium. . . 

Cd 

48 

112.41 

539.9 

320.9 

Calcium. 

Cii 

20 

40.08 

90.1 

810 

Carbon. 

C 

6 

12.00 

140.5 

3000 

Cerium. 

Ce 

58 

140.13 

430 7 

7(K) 

Cesium (rare). 

C'e 

55 

132.81 

110.9 

20 

Chlorine (a gas). 

ri 

17 

35.457 

94.1 (liquid) 

-101 5 

Chromium. 

Cr 

24 

52.01 

432.0 

1520 

Cobalt. 

Co 

27 

58 94 

543.7 

1480 

ColumViium (rare). 

Ch 

41 

93 3 

524.4 


Copper.i 

Cu 

2!) 

03.57 

518.1 

1083 

Dysprosium (rare). 

Dy 

00 

102.40 



Erbium (rare). 

Er 

08 

107.04 

298.0 


Europium (rare). 

Eu 

03 

152.0 



Fluorine (a gas). 

F 

9 

U).(K) 

71.2 (liquid) 

-223 

Gadolinium (rare). 

Gd 

04 

157.3 



Gallium. 

Ga 

31 

09,72 

309.1 

29.75 

Germanium. 

Ge 

32 

72 fiO 

340 9 

958 

Gold. 

Au 

79 

197.2 

1204.8 

1003 

Hafnium (rare). 

Hf 

72 

178.0 



Helium (a gas). 

He 

2 

4.002 

9.4 (liquid) 

-271 

Holmium (rare). 

Ho 

07 

103.5 



Hydrogen (a gas). 

H 

1 

l.(N)78 

4.4 (liquid) 

-259 

Illinium (rare). 

11 

01 

140 



Indium (rare). 

III 

49 

114.8 

454.5 

155 

Iodine. 

I 

Ki 

120.92 

308.4 

113.5 

Iridium. 

Ir 

77 

193.1 

1399.0 

2350(?) 

Iron. 

Fe 

20 

55 84 

438.9 to 493.2 

1630 

Krypton (a gas). 

Kr 

30 

W.7 

134.8 (liquid) 

-157 

Lanthanum (rare). 

La 

57 

138.92 

383.9 

810(?) 

l>»nd. 

Pb 

82 

207.22 

087.0 

327 

Uthium (rare). 

Li 

3 

0.940 

33.3 

180 

Lutecium (rare). 

Lu 

71 

175.0 



Magnesium. 

Mg 

12 

24.32 

108.7 

651 

Manganese. 

Mn 

25 

54.93 

403.2 

1210 

Masurium. 

Ma 

43 




Mercury (liquid). 

Hg 

80 

220.61 

845.6 

-39.7 
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Name 

Symbol 

Atomic 

number 

Atomic 

weight 

Weight, 
lb. per cu. ft. 

Melting 

point, 

*C. 

Molybdenum. 

Mo 

42 

96.0 

562.5 

2410 

Neodymium (rare). 

Nd 

00 

144.27 

434.5 

840(?) 

Neon (a gas). 

Ne 

10 

20.183 


-253(7) 

Nickel. 

Ni 

28 

58.69 

536.9 

1452 

Nitrogen (a gas). 

N 

7 

14.008 

50.0 (liquid) 

-211 

Osmium. 

Os 

76 

190.8 

1404.6 

2700 

Oxygen (a gas). 

O 

8 

16.000 

71.2 (liquid) 

-218 

Palladium. 

Pd 

46 

106.7 

769.1 

1549 

Phosphorus (soft). 

P 

16 

13.02 

146.1 

44.2 

Platinum. 

Pt 

78 

195.23 

1334.1 

1756 

Polonium (rare). 

Po 

84 

210.0 



Potassium (soft). 

K 

19 

39.10 

54.3 

62.3 

Praseodymium (rare). 

Pr 

59 

140.92 

404.2 

940 

Protoactinium (rare). 

Pa 

91 




Radium (rare). 

Ha 

88 

225.97 


700 

lludoii (an cmanution). 

lln 

86 

222. 



Rhenium (rare). 

Re 

75 

186.31 



Rhodium. 

Rh 

45 

102.91 

770.6 

1950 

Rubidium (rare). 

Kb 

37 

85.44 

95.0 

38 

Ruthenium (rare). 

Ru 

44 

101.7 

752.9 

2450(7) 

Samarium (rare). 

Sa or Sm 

62 

150.43 

480.7 

1300 

Scandium (rare). 

Sc 

21 

46.10 



Selenium. 

Se 

34 

79.2 

268.4 

217 

Silicon. 

Si 

14 

28.00 

140.7 

1420 

Silver. 

Ag 

47 

107.880 

050.5 

960.5 

Sodium (soft). 

Na 

11 

22.997 

60.6 

97.5 

Strontium. 

Sr 

38 

87.63 

166.1 

900(7) 

Sulphur. 

S 

16 

32.06 

124.9 

106.8 

Tantalum. 

Ta 

73 

181.4 

1036.3 

2900 

Tellurium. 

Te 

52 

127.5 

375.8 

452 

Terbium (rare). 

Tb 

65 

159.2 



Thallium (rare). 

T1 

81 

204.39 

740.4 

302 

Thorium. 

Th 

90 

232.12 

'705.4 

1842 

Thulium (rare). 

Tm 

69 

109.4 



Tin. 

Sn 

50 

118,70 

455.1 

231.9 

Titanium. 

Ti 

22 

47.90 

280.9 

2000 

Tungsten. 

W 

74 

184.0 

1101.1 

3400 

Uranium. 

U 

92 

238.14 

1167.4 

1850 

Vanadium. 

V 

23 

50.95 

372.1 

1720 

Xenon (a gas). 

Xe 

54 

131.3 

219.7 (liquid) 

-140 

Ytterbium (rare). 

Yb 

70 

173.5 



Yttrium (rare). 

Y 

39 

88.92 

237.2 

1490 

Zinc. 

Zn 

30 

65.38 

448.9 

419.4 

Zirconium. 

Zr 

40 

91.22 

402.0 

1700(7) 


GENERAL CONVERSION FACTORS 

One of the most frequent tasks of the engineer is the rapid and 
accurate conversion of the units of measure of one system into 
the different but related units of another system. 
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Each engineer remembers the conversion factors of those units 
that he uses most frequently. If, however, he has to convert 
units other than these, he often has to consult several handbooks 
before the desired conversion factor is found. 

With the recognition of a need for a concise table of conversion 
factors, the following data applicable to metallurgical needs are 
taken from a compilation by Anthony Anable of The Dorr Com¬ 
pany for its staff: 

Explanation 

1. Data arc arranged alphabetically. 

2. Unless designated otherwise, the British in'^asures of capacity are 
those used in the United States, and the units of weiglH and mass are 
avoirdupois units. 

3. The word gallon, used in any conversion factor, designates the Ihiited 
States gallon. To convert into the Imperial gallon, mulliply the United 
States gallon by 0.83267. Likewise, the word ton designates a short, ton, 
2000 lb. 

4. The figures 10 10"-, 10"“ and so on denote 0.1, 0.01, ().(K)1, respec¬ 

tively. 

5. The figures 10‘, 10*, 10“ and so on denote 10, 100, 1000, n;spectively. 

6. With respccd. to the properties of water, it frcc'zc^s at 32°r. and is at 
its maximum density at 39.2®F. In the* conversion factors givcin using the 
properties of water, calculations arc based on wat<‘r at 30.2°F. in vacuOf 
weighing 62.427 lb. per cu. ft., or 8345 lb. per Uniti^d States gallon. 

7. Parts per Million,” designated as p.p.m., is always by weight and 
is simply a more convenient method of expressing concc;ntration, cither 
dissolved or undissolved material. As a rule, p.i).m. is used where per¬ 
centage would be so small as to necessitate several ciphers aft(;r the decimal 
point, as one part per million is equal to 0.0001 per cent. 

8. As used in the sanitary field, p.p.m. represemts the number of pounds 
of dry solids contained in 1,000,000 lb. of water, including solids. In this 
field, 1 p.p.m. may be expressed as 8.345 lb. of dry solids to 1,000,000 
United States gallons of water. In the metric system, 1 p.p.m. may be 
expressed as 1 gram of dry solids to 1,000,000 grams of water, or 1 milligram 
per liter. 

9. In arriving at parts per million by means of pounds per million gallons 
or milligrams per liter, it may be mentioned that the densily of the solution 
or suspension has been neglected; and if this is appreciably different from 
unity, the results are slightly in error. 


Multiply 

Acres 

Acres 

Acres 

Acres 


Conversion Factors 


By 

43,560 

4047 

1.562 X 10-’ 
4840 


To obtain 
Square feet 
Square meters 
Square miles 
Square yards 
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CoNVBBSiON Factohs.— (Continued) 


Multiply 

By 

To obtain 

Acre-feet 

43,560 

Cubic feet 

Acre-feet 

325,851 

Gallons 

Acre-feet 

1233.49 

Cubic meters 

Atmoephercs 

76.0 

Centimeters of mercury 

Atmospheres 

29.92 

Inches of mercury 

Atmospheres 

33.90 

Feet of water 

Atmospheres 

10,333 

Kilograms per square meter 

Atmospheres 

14.70 

Pounds per square inch 

Atmospheres 

1.058 

Tons per square foot 

Barrel (oil) 

42 

Gallons 

(cement) 

376 

Pounds 

Bags or sacks (cement) 

94 

Pounds 

Board-feet 

144 sq. in. X 1 in. 

Cubic inches 

British thermal units 

0.2520 

Kilogram-calories 

British thermal units 

777.5 

Foot-pounds 

British thermal units 

3.927 X 10“* 

Horsepower-hours 

British thermal units 

107.5 

Kilogram-m oters 

British thermal units 

2.928 X 10-* 

Kilowatt-hours 

B.t.u. per minute 

12.96 

Foot-pounds per second 

B.t.u. per minute 

0.02356 

Horsepower 

B.t.u. per minute 

0.01757 

Kilowatts 

B.t.u. per minute 

17.57 

Watts 

Centares (centiarcs) 

1 

Square meters 

Centigrams 

0.01 

Grams 

Centiliters 

0.01 

Liters 

Cenliineters 

0.3937 

Inches 

Centimeters 

0.01 

Meters 

Centimeters 

10 

Millimeters 

Centimeters of mercury 

0.01316 

Atmospheres 

Centimeters of mercury 

0.4461 

Feet of water 

Centimeters of mercury 

136.0 

Kilograms per square meter 

Centimeters of mercury 

27.85 

Pounds per square foot 

Centimeters of mercury 

0.1934 

Pounds per square inch 

Centimeters per second 

1.969 

Feet per minute 

Centimeters per second 

0.03281 

Feet per second 

Centimeters per second 

0.036 

Kilometers per hour 
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Conversion Factors. — {CorUinueii) 


Multiply 

By 

To obtain 

Centimeters per second 

0.6 

Meters per minute 

Centimeters per second 

0.02237 

Miles per liour 

Centimeters per second 

3.728 X 10-** 

Miles per minute 

Centimeters per second per second 0.03281 

Feet per second per second 

Cubic centimeters 

3.531 X 10"» 

Cubic feet 

Cubic centimeters 

6.102 X 10“* 

Cui)ic inches 

Cubic centimeters 

10-^ 

Cubic meters 

Cubic centimeters 

1.308 X 10-< 

Cubic yards 

Cubic centimeters 

2.642 X 10-^ 

Gallons 

Cubic centimeters 

io-» 

Liters 

Cubic centimeters 

2.113 X 10““ 

Pints (liquid) 

Cubic centimeters 

1.057 X 10““ 

Quarts (liquid) 

Cubic feet 

2.832 X 10^ 

Cubic centimeters 

Cubic feet 

1728 

Cubic inches 

Cubic feet 

0.02832 

Cubic meters 

Cubic feet 

0.03704 

Cubic yards 

Cubic feet 

7.48052 

Gallons 

Cubic feet 

28.32 

Liters 

Cubic feet 

59.84 

Pints (lifiuid) 

Cubic feet 

29.92 

Quarts (liquid) 

Cubic feet per minute 

472.0 

Cubic cent imeters per second 

Cubic feet per minule 

0.1247 

Gallons imt sc^cond 

Cubic feet per minute 

0.4720 

LitfTs per second 

Cubic feet per minute 

62.43 

Pounds of water per minute 

Cubic fcjet per second 

0,646317 

Million gallons per day 

Cubic feet per second 

448.831 

Gallons per minute 

Cubic inches 

16.39 

Cubic centimeters 

Cubic inches 

5.787 X 10“^ 

Cubic feet 

Cubic inches 

1.639 X 10“» 

Cubic meters 

Cubic inches 

2.143 X 10“* 

Cubic yards 

Cubic inches 

4.329 X 10““ 

Gallons 

Cubic inches 

1.639 X 10“* 

Liters 

Cubic inches 

0.03463 

Pints (liquid) 

Cubic inches 

0.01732 

Quarts (liquid) 

Cubic meters 

10® 

Cubic centimeters 

Cubic meters 

35.31 

Cubic feet 
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CoKVBRBiON Factors. — {Continued) 


Multiply 

By 

To obtain 

Cubic meters 

61,023 

Cubic inches 

Cubic meters 

1.308 

Cubic yards 

Cubic meters 

264.2 

Gallons 

Cubic meters 

10» 

Liters 

Cubic meters 

2113 

Pints (liquid) 

Cubic meters 

1057 

Quarts (liquid) 

Cubic yards 

7.646 X 10^ 

Cubic centimeters 

Cubic yards 

27 

Cubic feet 

Cubic yards 

46,656 

Cubic inches 

Cubic yards 

0.7646 

Cubic meters 

Cubic yards 

202.0 

Gallons 

Cubic yards 

764.6 

Liters 

Cubic yards 

1616 

Pintle (liquid) 

Cubic yards 

807.9 

Quarts (liquid) 

Cubic yards per minute 

0.45 

Cubic feet per second 

Cubic yards per minute 

3.367 

Gallons per second 

Cubic yards per minute 

12.74 

Liters per second 

Decigrams 

0.1 

Grams 

Dficiliters 

0.1 

Liters 

Deej meters 

0.1 

Meiers 

Degrees (angle) 

60 

Minutes 

Degrees (aiigl<') 

0.01745 

Radians 

Degrees (angle) 

3600 

Seconds • 

Dt^grec»s per second 

0.01745 

Radians per second 

Degree's per second 

0.1667 

Revolutions per minute 

Dt^grees p<*r second 

0.002778 

Revolutions per second 

Dekagrams 

10 

Grams 

Dekaliters 

10 

Liters 

Dekameters 

10 

Meters 

Drams 

27.34375 

Grains 

Drams 

0.0625 

Ounces 

Drams 

1.771845 

Grams 

Fathoms 

6 

Feet 

Feet 

30.48 

Centimeters 

Feet 

12 

Inches 

Feet 

0.3048 

Meters 

Feet 

H 

Yards 

Feet of water 

0.02050 

Atmospheres 
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Conversion Factors — {Continued) 


Multiply 

By 

To obtain 

Feet of water 

0 8826 

Inches of mercury 

Feet of ^ater 

304 8 

Kilograms per square meter 

Feet of ^ater 

62 43 

Pounds per square foot 

Feet of -water 

0 4335 

Pounds per square inch 

Feet per minute 

0 5080 

Centimeters pei second 

Feel per minute 

0 01667 

Feet per second 

Feet per minute 

0 01829 

Kilometers per hour 

Feet per minute 

0 3048 

Meters per minute 

Feet per minute 

0 01136 

Miles per hour 

Feet per second 

30 48 

Cenuincters pc r second 

Feet pel second 

1097 

Kih'ineters pc r hour 

Feet per second 

0 5921 

Knots 

Feet per second 

18 29 

Meteis pc»r niiiiiitc 

Feet per second 

0 6818 

Miles per houi 

Feet per sec ond 

0 01136 

Miles pci minute 

Fc*et per second per sec ond 

30 48 

Centinicders per sec'ond pei 


sc (ond 

Feet per second per second 

0 3048 

Meters jier sec ond per second 

Foot-pounds 

1 286 X 10--* 

British thermal units 

Foot-pounds 

5 050 X 10 7 

lloi sepow er-hours 

Foot-pounds 

3 241 X 10-* 

Kilogruni-c alories 

Foot-pounds 

0 1383 

Kilogrnm-nic tiTs 

Foot-pounds 

3 766 X 10 

Kilowatt-hours 

Foot-pounds per minute 

1 286 X 10 ‘ 

British tlie*rmal unitH per 



minute 

Foot-pounds per minute 

0 01667 

Foot-pounds per hc*c ond 

Foot-pounds per minute 

3 030 X 10 - 

Horsepower 

Foot-pounds per minute 

3 241 X 10 « 

Kilogram-calones per minute 

Foot-pounds per minute 

2 260 X 10-*^ 

Kilowatts 

Foot-pounds per second 

7 717 X 10-* 

British thermal units per 



minute 

Foot-pounds per second 

1 818 X 10-’ 

Horsepower 

Foot-pounds per second 

1 945 X 10"* 

Kilogram-calories per minute 

Foot-pounds per second 

1 356 X 10-’ 

Kilow atts 

Gallons 

3785 

Cubic centimeters 

Gallons 

0 1337 

Cubic feet 

Gallons 

231 

Cubic mches 

Gallons 

3 785 X 10"» 

Cubic meters 

Gallons 

4 951 X 10"» 

Cubic yards 
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CoKVCBBiON Factobs. — (CotUintted) 


Multiply 

By 

To obtain 

Gallons 

3.786 

Liters 

Gallons 

8 

Pints (liquid) 

Gallons 

4 

Quarts (liquid) 

Gallons, Imperial 

1.20095 

U. S. gallons 

Gallons, U. S. 

0.83267 

Imperial gallons 

Gallons water 

8.3453 

Pounds of water 

Gallons per minute 

2.228 X 10-3 

Cubic feet per second 

Gallons per minute 

0.06308 

Liters per second 

Gallons per minute 

8.0208 

Cubic feet per hour 

Gallons per minute 

8.0208 

OverOow rate (feet per hour) 

Area (square feel) 


Gallons water per minute 

6.0086 

Tons water per 24 hours 

Grains (troy) 

1 

Grains (avoirdupois) 

Grains (troy) 

0.06480 

Grams 

Grains (troy) 

0.01467 

Pennyweights (troy) 

Grains (troy) 

2.0833 X 10-3 

Ounces (troy) 

Grams 

980.7 

Dynes 

Grams 

15.43 

Grains 

Grams 

10-3 

Kilograms 

Grams 

103 

Milligrams 

Grams 

0.03527 

Ounces 

Grams 

0.03215 

Ounces (troy) 

Grams 

2.206 X 10-3 

Pounds 

Grams per centimeter 

5.600 X 10-3 

Pounds per inch 

Grams per cubic centimeter 

62.43 

Pounds per cubic foot 

Grams per cubic centimeter 

0.03613 

Pounds per cubic inch 

Grams per liter 

58.417 

Grains per gallon 

Grams per liter 

8.345 

Pounds per 1000 gallons 

Grams per liter 

0,062427 

Pounds per cubic foot 

Grams per liter 

1000 

Parts per million 

Hectares 

2.471 

Acres 

Hectares 

1.076 X lO'^ 

Sfpiare feet 

Keet4}g;ramB 

100 

Grains 

Hectoliters 

100 

Liters 

Hectometers 

100 

Meters 

Hectowatts 

100 

Watts 

Horsepower 

42.44 

British thermal units per 
minute 

Horsepower 

33,000 

Foot-pounds per minute 
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CoNVKRSiON Factobs. — (Continued) 


Multiply 

By 

To obtain 

Horsepower 

550 

F()ot.-pounds per second 

Horsepower 

1.014 

Horsepower (metric) 

Horsepower 

10.70 

Kilograin-(;aluries per minute 

Horsepower 

0.7457 

Kilowatts 

Horsepower 

745.7 

Watts 

Horsepower (boiler) 

33.479 

British thermal units per 
hour 

Horsepower (boiler) 

9.803 

Kilowatts 

Horsepower-hours 

2547 

British thermal units 

Horsepower-hours 

1.98 X 10« 

Foot-pounds 

Horsepower-hours 

641.7 

Kilogram-calories 

Horsepower-hours 

2.737 X lO*' 

Kilogram-meters 

Horsepower-hours 

0.7457 

Kilowatt-hours 

Inches 

2.540 

Centimeters 

Inches of mercury 

0.03342 

Atmospheres 

Inches of mercury 

1.133 

Feet of water 

Inches of mercury 

345.3 

Kilograms per sfpiare meter 

Inches of mercury 

70.73 

Pounds per square foot 

Inches of mercury 

0.4912 

Pounds per square inch 

Inches of water 

0.002458 

Almospherc^s 

Inches of water 

0.07355 

Inches of mercury 

Inches of water 

25.40 

Kilograms p(»r square! meter 

Inches of water 

0.5781 

Ounces per scpiare inch 

Inches of w'ater 

5.202 

Pound per scpiare ff»ot 

Inches of water 

0.03613 

Pound per square inch 

Kilograms 

980,665 

Dynes 

Kilograms 

2.205 

Pounds 

Kilograms 

1.102 X 10-» 

Tons (short) 

Kilograms 

10^ 

Grams 

Kilograiii-calories 

3.9f»8 

British thermal unit 

Kilogram-calories 

3086 

Foot-pounds 

Kilogram-calories 

1.558 X 10'3 

Horsepower-hours 

Kilogram-calories 

1.162 X 10-» 

Kilowatt-hours 

Kilogram-calories per minute 

51.43 

Fcx)t-pound8 per second 

Kilogram-calories per minute 

0.09351 

Horsepower 

Kilogram-calories per minute 

0.06972 

Kilowatts 

Kilograms per meter 

0.6720 

Pound per foot 

Kilograms per square meter 

9.678 X 10-* 

Atmospheres 

Kilograms per square meter 

3.281 X lO-’ 

Feet of water 
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CoNVKBBiON Factokb.— (Continued) 


Multiply 

By 

To obtain 

Kilograms per square meter 

2.896 X 10-» 

Inches of mercury 

Kilograms per square meter 

0.2048 

Pound per square foot 

Kilograms per square meter 

1.422 X 10-» 

Pound per square inch 

Kilograms per square millimeter 10* 

Kilograms per square meter 

Kiloliters 

10* 

Liters 

Kilometers 

10* 

Centimeters 

Kilometers 

3281 

Feet 

Kilometers 

10* 

Meters 

Kilometers 

0.6214 

Miles 

Kilometers 

1094 

Yards 

Kilometers per hour 

27.78 

Centimeters per second 

Kilometers per hour 

54.68 

Feet per minute 

Kilometers per hour 

0.9113 

Feet per second 

Kilometers per hour 

0.5396 

Knots 

Kilometers per hour 

16.67 

Meters per minute 

Kilometers per hour 

0.6214 

Miles per hour 

Kilometers per hour per second 27.78 

Centimeters per second per 
second 

Kilometers per hour per second 0.9113 

Feet per second per second 

Kilometers per hour per second 0.2778 

Meters per second per second 

Kilowatts 

56.92 

British thermal units per 
minute 

Kilowatts 

4.425 X 10* 

Foot-pounds per minute 

Kilowatts 

737.6 

Foot-pounds per second 

Kilowatts 

1.341 

Horsepow'cr 

Kilowatts 

14.34 

Kilogram-calories per minute 

Kilowatts 

10* 

Watts 

Kilowatt-hours 

3415 

British thermal units 

Kilowatt-hours 

2.655 X 10* 

Foot-pounds 

Kilowatt-hours 

1.341 

Horsepower-hours 

Kilowatt-hours 

860.5 

Kilogram-calories 

Kilowatt-hours 

3.671 X 10* 

Kilogram-meters 

Lit<irs 

10* 

Cubic centimeters 

Liters 

0.03531 

Cubic feet 

Liters 

61.02 

Cubic inches 

Liters 

10-* 

Cubic meters 

Liters 

1.308 X 10“» 

Cubic yards 

Liters 

0.2642 

Gallons 

Liters 

2.113 

Pints (liquid) 

Liters 

1.057 

Quarts (liquid) 

Idters per minute 

5.886 X 10-* 

Cubic feet per second 

Liters per minute 

4.403 X 10-* 

Gallons per second 
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CoimiiiBiON Factobs. —(Continued) 

Multiply By To obtain 

Lumber 


Width (in.) X thickness (in.) 
12 

Length (ft.) 

Board-feet 

Meters 

100 

Centimeters 

Meters 

3.281 

Feet 

Meters 

39.37 

Inches 

Meters 

io-» 

Kilometers 

Meters 

10® 

Millimeters 

Meters 

1.094 

Yards 

Meters per minute 

1.667 

Centimeters pe*' second 

Meters per minute 

3.281 

Feet per minute 

Meters per minute 

0.05468 

Feet per second 

Meters per minute 

0.06 

Kilometers per hour 

Meters per minute 

0.03728 

Miles per hour 

Meters per second 

196.8 

Feet per minute 

Meters per second 

3.281 

Feet per second 

Meters per second 

3.6 

Kilometers per hour 

Meters per .second 

0.06 

Kilometers per minute 

Meters per second 

2.237 

Miles per hour 

Meters per second 

0.03728 

Miles per minute 

Microns 

10-® 

Meters 

Miles 

1.609 X 10® 

Centimeters 

Miles 

5280 

Feet 

Miles 

1.609 

Kilometers 

Miles 

1760 

Yards 

Miles per hour 

44.70 

Centimeters per second 

Miles per hour 

88 

Feet per minute 

Miles per hour 

1.467 

Fe(*t j)er second 

Miles per hour 

1.609 

KilometerH j»er hour 

Miles per hour 

0.8684 

Knots 

Miles per hour 

26.82 

Meters per minute 

Miles per minute 

2682 

Centimeters per second 

Miles per minute 

88 

Feet per second 

Miles per minute 

1.609 

Kilometers pc^r minute 

Miles per minute 

60 

Miles per hour 

Milliers 

10® 

Kilograms 

Milligrams 

10-® 

Grams 

Milliliters 

10-® 

Liters 

Millimeters 

0.1 

Centimeters 

Millimeters 

0.03937 

Inches 

Milligrams per liter 

1 

Parts per million 

Million gallons per day 

1.54723 

Cubic feet per second 

Miner’s inch 

1.5 

Cubic feet per minute 
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CoNVBRB'ON Factors. — {Continued) 


Multiply 

By 

To obtain 

Minutes (angle) 

2.909 X 10“^ 

Radians 

Ounces 

16 

Drams 

Ounces 

437.5 

Grains 

Ounces 

0.0625 

Pounds 

Ounces 

28.349527 

Grams 

Ounces 

0.9115 

Ounces (troy) 

Ounces 

2.790 X 10“*^ 

Tons (long) 

Ounces 

2.835 X lO-*^ 

Tons (metric) 

Ounces, troy 

480 

Grains 

Ounces, troy 

20 

Pennyweights (troy) 

Ounces, troy 

0.08333 

Pounds (troy) 

Ounces, troy 

31.103481 

Grams 

Ounces, troy 

1.09714 

Ounces, avoirdupois 

Ounces (fluid) 

1.805 

Cubic inches 

Ounces (fluid) 

0.02957 

Liters 

Ounces per square inch 

0.0625 

Pounds per square inch 

Pennyweights (troy) 

24 

Grains 

Pennyweights (tr(»y) 

1.55517 

Grams 

Pennyweights (troy) 

0.05 

Ounces (troy) 

Pennyweights (troy) 

4.1667 X 10-» 

Pounds (troy) 

Pounds 

16 

Ounces 

Pounds 

256 

Drams 

Pounds 

7000 

Grains 

Pounds 

0.0005 

Tons (short) 

Pounds 

453.5924 

Grains . 

Pounds 

1.21528 

Pounds (troy) 

Pounds 

14.5833 

Ounces (troy) 

Pounds (troy) 

5760 

Grains 

Pounds (troy) 

240 

Pennyweights (troy) 

Pounds (troy) 

12 

Ounces (troy) 

Pounds (troy) 

373.24177 

Grams 

Pounds (troy) 

0.822857 

Pounds (avoirdupois) 

Pounds (troy) 

13.1657 

Ounces (avoirdupois) 

Pounds (troy) 

3.6735 X 10 -* 

Tons (long) 

Pounds (troy) 

4.1143 X 10-* 

Tons (short) 

Pounds (troy) 

3.7324 X 10“* 

Tons (metric) 

Pounds of water 

0.01602 

Cubic feet 

Pounds of w'ater 

27.68 

Cubic inches 

Pounds of water 

0.1198 

Gallons 

Pounds of water per minute 

2.670 X 10-< 

Cubic feet per second 
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CoNYEBSiON Factors.— {Continued) 


Multiply 

By 

To obtain 

Pounds per cubic foot 

0.01602 

Grains per cubic centimeter 

Pounds per cubic foot 

16.02 

Kilograms per cubic meter 

Pounds per cubic foot 

6.787 X 10-* 

Pounds per cubic inch 

Pounds per cubic inch 

27.68 

Grams per cubic cciitiineter 

Pounds per cubic inch 

2.768 X 10* 

Kilograms per cuhic meter 

Pounds per cubic inch 

1728 

Pounds per ciibif foot 

Pounds per foot 

1.488 

Kilograms per meter 

Pounds per inch 

178.6 

Grains per centimeter 

Pounds per square foot 

0.01602 

Feet of water 

Pounds per square foot 

4.883 

Kilograms per square meter 

Pounds per square foot 

6.945 X 10“=* 

Pounds per s(]uare iiicli 

Pounds per square inch 

0.06804 

Atmospheres 

Pounds per square iiicdi 

2.307 

Feet of water 

Pounds per square inch 

2.036 

Inches of mercury 

Pounds per square inch 

703.1 

Kilograms per square meter 

Quadrants (angle) 

90 

Degrees 

Quadrants (angle) 

5400 

Minutes 

Quadrants (angle) 

1.571 

Radians 

Quarts (dry) 

67.20 

Cubic indies 

Quarts (lic^uid) 

57.75 

Cubic inches 

Quintal: 

Argentine 

101.28 

Pounds 

Brazil 

129.54 

Pounds 

Castile, Peru 

101.43 

Pounds 

Chile 

101.41 

Pounds 

Mexico 

101.47 

Pounds 

Metric 

220.46 

Pounds 

Radians 

67.30 

Degrees 

Radians 

3438 

Minutes 

Radians 

0.637 

Quadrants 

Radians per second 

67.30 

Degrees per second 

Radians per second 

0.1592 

Revolutions per second 

Radians per second 

9.549 

Revolutions per minute 

Radians per second per second 

573.0 

Revolutions per minute per 
minute 

Radians per second per second 

0.1592 

Revolutions per second per 
second 

Revolutions 

360 

Degrees 

Revolutions 

4 

Quadrants 

Revolutions 

6.283 

Radians 

Revolutions per minute 

6 

Degrees per second 



440 CYANIDATION AND CONCENTRATION OF ORES 

Conversion Factors.— 

-{CofUinued) 

Multiply 

By 

To obtain 

Revolutions per minute 

0.1047 

Radians per second 

Revolutions per minute 

0.01667 

Revolutions per second 

Revolutions per minute 

1.745 X 10-« 

Radians per second per 

per minute 


second 

Revolutions per minute 

2.778 X 10“^ 

Revolutions per second per 

per minute 


second 

Revolutions per second 

360 

Degrees per second 

Revolutions per second 

6.283 

Radians per second 

Revolutions per second 

60 

Revolutions per minute 

Revolutions per second per 

6.283 

Radians per second per 

second 


second 

Revolutions per second per 

3600 

Revolutions per minute per 

second 


minute 

Seconds (angle) 

4.848 X 10-® 

Radians 

Square cent.inicters 

1.076 X 10-» 

Square feet 

Square coiitiineters 

0.1550 

Square inches 

Square centimeters 

10-^ 

Square meters 

Square centimeters 

100 

Square millimeters 

Square feet 

2.296 X 10-'^ 

Acres 

Square feet 

929.0 

Square centimeters 

Square feet 

144 

Square inches 

Square ft^et 

0.09290 

Square meters 

Scpiare feet 

3.587 X lO-* 

Square miles 

Square feet 

H 

Square yards 

Square iindies 

6.452 

Square centimeters 

Square inches 

6.944 X 10-* 

Square feet 

Square inches 

646.2 

Square millimeters 

Square kilometers 

247.1 

Acres 

Square kilometers 

10.76 X 10« 

Square feet 

Square kilometers 

10» 

Square meters 

Square kilometers 

0.3861 

Square miles 

Square kilometers 

1.196 X 10® 

Square yards 

Square meters 

2,471 X 10-* 

Acres 

Square meters 

10.76 

Square feet 

Square meters 

3.861 X 10-7 

Square miles 

Square meters 

1.196 

Square yards 

Square miles 

640 

Acres 

Square miles 

27.88 X 10® 

Square feet 

Square miles 

2.590 

Square kilometers 

Square miles 

8.098 X 10® 

Square yards 

Square millimeters 

0.01 

Square centimeters 

Square millimeters 

1.650 X 10-® 

Square inches 
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Conversion Factors— (Conttnucd) 


Multiply 

By 

To olitaiii 

Square yards 

2.066 X 10-^ 

Aen’is 

Square yards 

9 

Square feet, 

Square yards 

0.8361 

Square meters 

Square yards 

3.228 X 10-^ 

Square miles 

Temperature (°C.) -1-273 

1 

Absolute teinpeniiure 

Temperature (°C.) -|-17.78 

1.8 

Temperature (°F.) 

Temperature (®F.) -1-460 

1 

Absolute temperature (°F.) 

Temperature (°F.) —32 

% 

Temperature (°C.) 

Tons (long) 

1016 

Kilograms 

Tons (long) 

2240 

Pounds 

Tons (long) 

1.12000 

Toum (short) 

Tons (metric) 

10® 

Kilograms 

Tons (metric) 

2205 

Pounds 

Tons (short) 

2000 

Pounds 

Tons (short) 

32,000 

Ounces 

Tons (short) 

907.18486 

Kilograms 

Tons (short) 

2430.56 

Pounds (troy) 

Tons (short) 

0.89287 

Tons (long) 

Tons (short) 

29,166.66 

Ounces (troy) 

Tons (short) 

0.90718 

Tons (metric) 

Tons of water per 24 hour 

83.333 

Pounds watcT per hour 

Tons of water per 24 hour 

0.16643 

Gallons pen* minute 

Tons of water per 24 hour 

1.3349 

Cubic fe<?t |)fT hour 

Watts 

0.05692 

British thermal units per 
minute 

Watts 

44.26 

Foot-pounds p(?r minute 

Watts 

0.7376 

i'oot-pounds j>c;r second 

Watts 

1.341 X 10-® 

Horsepower 

Watts 

0.01434 

Kilogram-calories per minute 

Watts 

10”® 

Kilowatts 

Watt-hours 

3.415 

British thermal units 

Watt-hours 

2655 

Foot-pounds 

Watt-hours 

1.341 X 10-® 

Horsepower-hours 

Watt-hours 

0.8605 

Kilogram-calories 

Watt-hours 

367.1 

Kilogram-meters 

Watt-hours 

10”® 

Kilowatt-hours 

Yards 

91.44 

Centimeters 

Yards 

3 

Feet 

Yards 

36 

Inches 

YardF 

0.9144 

Meters 



Metals and Their Minerals Based on Information from Dana's Textbook of Minebalogt 
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CONVERSION OF WEIGHTS 

Scc8>us6 the conversion of avoirdupois, metric and troy weights 
is so frequently done, the table on page 444, by W. J. Sharwood 
in Fulton’s A Marmal of Fire Assaying, should be of use. 


Mensuration 


Circle: 

Area 

Circumference 
Diameter 
Cylinder or prism: 
Contents 
Surface 

Ellipse, area of 
ParaViola, area of 
Parallelogram, area of 
Pyramid or cone:* 
Contents 
Surface 

Sphere: 

Contents 

Surface 

Wedge with parallel 
ends, contents of 


— diameter squared X 0 78»>4 or radius s(|iiared 
X 3.1416 

= diameter X 3.1416 
= circumference X 0.3183 

= area of end X length or, for a tank, area X depth 
= area of both cmds + length X cireuinferenee 
= product of two diain(4(^rs X 0.7854 
= base X two-thirds altitudt* 

= base X altitude 

= area of base X one-third alt itude 
“= circumference of base X half of slant laught -f 
ar(ia of the base 

= diameter cubed X 0.5236 
= diameter X circumference 

= area of base X half altitude 


* May be used in eBtablishing cun tents of tailing and ore dumps. 


TEMPERATURE-CONVERSION FORMULAS AND VARIOUS 
TEMPERATURES 

1. As the centigrade and Fahrenheit temperatures sealers liave 
0 and 32® as freezing points and 100 and 212® as boiling points, 
some method of conversion is necessary, and the following 
formulas are commonly used: 

C. = (F. ~ 32) X % 

F. = C. X H + 32 

2. Temperatures obtained by various flames and furnaces 
are as follows, according to the Handbook of Chemistry and 
Physics: 
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Flame and Fubnacb Tempebatures 


Source 

Industrial furnaces. 

Bunsen burner. 

Oxycoal gas flame.. 
Oxyhydrogen flame 
Oxyacetylene flame 
Electric arc. 


Degrees Centigrade 
... 1700 to 1800 

. 1870 

. 2000 

. 2800 

. 3600 

. 3500 


3. Temperatures may be judged approximately by the follow¬ 
ing color scale: 


Temperature Color Scale 


Color 

Incipient red heat... 

Dark-red heat. 

Bright-red heat. 

Yellowish-red heat.. 
Incipient wliite heat 
White heat. 


Degrees Centigrade 
.. 500 to 650 

.. 650 to 750 

.. 850 to 950 

.. 1060 to 1160 
. . 1260 to 1360 
. . 1450 to 1550 


FORMULA FOR PULP CONSISTENCY 


Let p == percentage solids = weight of solids in unit weight 
of pulp. 

D — dilution = water-solid ratio = parts water by 
weight per part solids. 

S = specific gravity of dry ore. 
d = .spe(dfic gravity of pulp. 

Then p/S = volume of solids in unit weight of pulp. 

1 — p = volume of water in unit weight of pulp. 

1/d = volumes of unit weight of pulp. 


and + 1 

o 


1 

p = a- 


d = 
d = 

P = 
S = 
D = 


S 8 

p + sa-p)- s-p{s- 1 ) 

D + l 


S(.d - 1) 1 

- 1 ) " 2 ) + 1 
dp d 

l-dil-p)~ 1-Did- 1) 
1—p S-d 1 
P - Sid-l)-p ^ 
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Now, let Z = solid factor = tons solids per fluid ton (32 cu. ft.) 
of pulp. 

G = fluid tons of pulp per ton of dry solids. 
q = percentage solids by volume. 

Then, as weight of 1 cu. ft. of pulp = 62.5d, th(* weight of 1 
fluid ton = 32 X 62.5d, and 


32 X 62.5d X V 

- 2000 - 

d pS 


S 


D + l~ S-p{S-l) - DS + 1 


S{d - 1) 
-S- 1 


By definition, 


By definition, 


a = 


Z 


G 


— = fi t ^ etc 
pd d • 


2000Z Z 
^ ~ 62.5 X B2S ~ S 
d — 1 p 

S-l~ S-p{S-l) 


SLIME-DENSITY TABLE 

In Metallurgical and Chemical Engineering (now Chemical 
and Metallurgical Engineering) for June, 1912, H. B. Lowden 
presented the following table and explanatory text for slime- 
density calculations: 

Slime-density tables heretofore published have been pn^pared for use 
in special cases and are, therefore, not api)licable to slimes in which the 
specific gravity of the solids differs from that for which the table was 
computed. Their value has been chiefly in indicating convenient forms 
in which the weight and volume relations may be tabulated for use in 
the control of the cyanide process. The writer, having exi)erienced the 
need of a more generally applicable table in his work, has prepared one 
of considerable range with small intervals, which he feels may be useful 
to others. 

The table is based on the percentage of solid in the slime, opposite 
which is given the ratio of solid to liquid. The numbers heading the 
double columns following, are the specific gravities of the dry solid (that 
of water being taken as unity). The columns headed “S. (i.*^ show 
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Suioi-DKNSiTT Relations 


Specific gravity of pulp and volume of 1 ton in cubic feet, for 
slimes containing solids of different specific gravities 
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Slime-density Relations.— {Cordinued) 


Specific gravity of pulp and volume of 1 ton in cubic feet, for 
slimes containing solids of different specific gravities 
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the specific gravities of the slime, that of water being taken as 1000; 
that is, the figures show directly the weight of a liter of slime in grams. 
The columns headed ''Yol.’’ show the number of cubic feet of the slime 
in 1 ton of 2000 lb. 

The specific gravities of solids chosen will probably cover the range of 
slimes ordinarily met with, and the intervals are sufficiently small to 
admit of interpolation without appreciable error. The last column 
(4.50) is a hypothetical concentrate and is the specific gravity of a mix¬ 
ture of 80 per cent pyrite and 20 per cent quartz. The average specific 
gravity of working cyanide solutions is so small as to be negligible. 

Specific Sravi^Y of Dry Slime 



Specific Groiviiy of Pulp 
Fio. 133.—Scale for BUme-dcnsity calculations. 


The table is convenient for ascertaining the amount of solid and of 
solution in slime pulps from the number of cubic feet, determined by 
rod or float, in the tank; and specific gravity of the slime, determined 
by taking the weight of a liter or by a specific gravity indicator in 
the tank. It is useful in calculations for ascertaining the amount of 
solution to be abstracted or added in thickening and diluting, for cor¬ 
recting the strength of the solutions, for checking tonnage and for other 
purposes. 

Assume that in a plant in which the specific gravity of the solid is 2.7, 
a tank is shown, by the depth of pulp in it, to contain 3530 cu. ft. of 
pulp, a liter of which weighs 1223 grams. From the table it is found 
that the specific gravity 1223 corresponds to 26.16 cu. ft. per ton and 
to 29 per cent solid. The weight of pulp, therefore, is 


3530 ^ 26.16 = 135 tons, 
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and the weight of solids 135 X 0.29 = 39.15 tons. The weight of 
solution is, by difference, 95.85 tons. If the solution titrates 1.05 lb. 
cyanide per ton and it is desired to bring the strength up to 2.5 lb. per 
ton, we have 2.5 — 1.05 = 1.45 lb. cyanide to be added per ton. There¬ 
fore 95.85 X 1.45 = 139 lb. cyanide to be added to the tank. 


Screen Openingi or Poirticle Diwme+er in Inches 

CJ lO CO 



c> c> c>c>cJ dd 

Screen Opening or Poirticle Oioimeter in Millimei'er 
Fxa. 134. —^Logarithmic plot for determining particle bwgh. 


The table is useful in determining the .sizes of tanks necessary for any 
given capacities. Thus, if it is desired to agitate 50 tons of dry slime 
(specific gravity of solid 2.6) with thnn? parts solution, the table shows 
this to contain 25 per cent solids and to have a volume of 27.08 cu. ft. 
per ton; therefore 50 -5- 0.25 = 200 tons of .slime X 27.08 = 5416 cu. ft., 
the required effective working capacity of the tank, to which an amount 
must be added to secure the desired height of curb above the charge. 
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The preceding logarithmic plot (Fig. 134) is a convenient means 
for determining particle sizes in inches or millimeters for any 
screen mesh. (Tyler Standard Scale — y/2,) The meshes are in 


SiBVE Series, Tyler Standard Screen Scale and I.M.M. Series 


Mesh 

Aperture, inches 

Aperture, millimeters 

Tyler 

I.M.M. 

Tyler 

I.M.M. 

Tyler 

I.M.M. 

8 

5 

0.093 


2.362 

2.540 


8 

0.065 


1.651 

1.574 

14 

12 

0.046 

0.0416 

1.168 

1.056 


16 

0.0328 

0.0312 

mmm 

mSSM 

28 

20 

0.0232 




35 

30 

0.0164 


0.417 


48 

40 

0.0116 


0.295 

0.317 

65 


0.0082 


0.208 

0.211 

100 

100 



0.147 

0.127 

150 

120 


0.0033 

0.104 

0.084 


150 

0.0029 

0.0025 

0.074 

0.063 


even figures, and the standard meshes arc obtained by interpola¬ 
tion, t.e., 28, 35, 48, 65, etc. 

Micron sizes are readily obtained from the millimeter scale 
by changing the decimal point. (1 millimeter = 1000 microns.) 
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summary, 168 
sampling, 213 
Waihi, 214 
Burgess, J. A., 260 
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416-417 
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summary, 274 
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concentrat(^ 162 
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361 
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185 
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Mine, flow-vsh<iet, 362 
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363 
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Chain-feeder, Ross, 55, 56 
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Champion lode, India, treatment of 
gold ores, 269 
Chandler, J. W., 271 
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Charcoal precipitation, 206-208 
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tration of tailings, 150 
Chemical analyses, Mclntyre-Porcu- 
pine, 313 

Chemical considerations, zinc-dust 
precipitation, 197-198 
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Chemicals, consumption of, 1935, 
Hollinger, 313 
used at Kalgoorlie, 378-380 
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Chilean mills, 75 

Circulating load, ratio of, calculation 
formulas, 79 

Clarification, Coniaurum, 304 
of solution, 194 

and precipitation, Pachuca, 386- 
387 

Pioneer, 323-324 
Clark, A. J., 102, 126, 363, 364 
Clark-Todd amalgamators, 178 
Classification, 85-98 
definitions, 85-86 
grinding and, Homestake, 364- 
365 

intermediate, between stages of 
fine grinding, 88 
Kirkland Lake ore, 275 
for leaching, 99-101 
means of, 89-95 
cones, 89-90 

hydraulic classifiers, 90-91 
mechanical clarifiers, 91-95 
Randfontein Estates, 83-84 
summary, 85 
uses of, 86-89 
Classifier, Akins, 91-92 
bowl-type, development of, 5 
counter current, Hardinge, 94-95 
Dorr, with ball mill, 77 
duplex, with Allis-Chalmers ball 
granulator, 71 


Classifier, Dorr, invention of, 4 
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hydraulic, 90-91 
mechanical, 91-95 
Classifying and grinding, Morro 
Velho, 367 

Clay ore, leaching of, 108-112 
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precipitation, 200 
Randfontein Estates, 212 
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Clennell, J. E., 235 
ClennelPs method, alkalinity deter¬ 
mination, 35 
Clevenger, G. H., 392 
Closed-circuit grinding, 78-81 
Closed-circuit primary mills, 88 
Closed-circuit secondary mills, 88 
Coarse crushing, 51-63 
normal cycle, 54-55 
summary, 51 

Coarse ore, leaching, 106-112 

cost of. Mountain Copper Co., 
Calif., 422 

Cobalt, precipitation by sodium 
sulphide, 204-205 
treatment of silver ores, 391 
Cole, G. E., 299, 382 
Collectors, 44 
promoters, 146-147 
Colman, M. N., 400 
Color scale, temperature, 446 
Colorado, London Mine, treatment 
of gold ores, 271 

Colorado Springs, Cripple Crec^k, 
Cresson Consolidated, sorting, 
65-66 

Golden Cycle, crushing, 57 
Golden Cycle, sampling plant, 
flow-sheet, 248 

treatment of mixed copper, lead 
and zinc ores, 382-384 
treatment costs, 409-410 
Comparative tests, 46 
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Complex ores, arsenopyrite, 360-361 
mixed copper, lead and zinc, treat¬ 
ment of, 382-385 
pyrite, 361-363 
pyrrhotite, 363-368 
sulphotelluride, 368-380 
treatment of, 358-305 
Cam and Motor, 360-361 
Canyon Corporation, 361-363 
copper-gold, 381-382 
copper-zinc, 382 
gold-copper, 380-381 
Golden Cycle, 382-384 
Homestake, 363-365 
Kalgoorlie, 371-373 
Lake View and Star, 373-377 
Maitland Mine, 361-363 
Morro Velho, 365-368 
St. John del Rey Mining Co., 
365-368 

South American Development 
Co., Porto Velo, Ecuador, 
358-360 

South Kalgurli, 377-378 
Concentrate, acid treatment, 167 
analysis of. Sunshine mine, 391 
calculation of recovery in, 426 
cost of, and returns from smelting, 
161 

raw treatment of, 162 
roasting, 164-167 
Cam and Motor, 164-166 
Golden Cycle, 166-167 
Lake View and Star, 183 
Wiluna, 167 
treatment of, 140-167 
Hollinger, 311-312 
Idaho-Maryland, 158--160 
flow-sheet, 159 

Lake View and Star, Kalgoorlie, 
flow-sheet, 158 
Willow Creek, 160-161 
Concentrate plant, Golden Cycle, 
flow-sheet, 189 

Concentrates, corduroy, treatment 
of, 190 

cost of cyaniding Mclntyre-Por- 
cupine, 421 


Concentrating, Morro Velho, 367 
Witwatersraiid, 333 
Concentrating and amalgamating 
plant (40 tons), flow-sheet, 160 
Argonaut, Calif., 141-143 
Concentration, and concentrate 
treatment, Hollinger, 311-312 
Golden Cycle, 383-384 
gravity, 40 

Lake View and Star, 374 
and grinding, McIntyrcsPorcu- 
pine, 315-317 

of ores and treatment of contten- 
trates, 140-167 
Rand, 141 

Concentrator, Deister, 142 
Johnson, 141 

Condition of gold in old residues, 396 
Conditioning, Dome, 234 
of ore ])ulp, 234 
before flotation, 235 
Willow Creek, Alaska, 234 
Conditioning agents, 146 
Cone, Callow, 141, 142 
Cone crusher, Symons, 57 
Cones, means of classification, 89-90 
Coniaumm, agitation, 303 
clarification, 304 
coarse crushing, flow-shtHd,, 62 
costs of treatment, 409 
crushing, 303 
filtration, 304 
flow'-shect, milling, 302 
grinding, 303 
sulphide, treatment, 163 
thickening, 303 

treatment of gold ores, 300-304 
Conical mill, Hardinge, 72 
Conical mills, 72 

Consistency of pulp, formula for, 
446-447 

Constant weight, Hardinge, 54 
Consumption, of chemicals, 1935, 
Hollinger, 313 

of cyanide, 218-220, 235-242 
of cyanide and lime, 35-36 
of flotation reagents, 48 
of power, Alaska-Juneau, 423 
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CJonsumption, of power, costs and, 
403-425 

East Gcduld, 425 
Golden Cycle, 423 
Mclntyro-Porcupine, 424 
Premier, 424 
Rand, 425 
United Eastern, 424 
of reagents (and solution 
strengths), Pioneer, 324 
Randfontcin Estates, 345-346 
Contamination, gold particles, 25-26 
Continuous countercurrent decanta¬ 
tion, 133-139 
application, 134-138 
flow-sheets, 134-138 
principle, 133-134 
uses, 134 

Conversion factors, 428-441 
Conversion formulas, temperature, 
445-446 

Conversion table for weights, 444 
Q)nveyiug, crushing and screening 
costs, 1935, Hollinger, 309 
Copper-gold ores, treatment of, 
Britannia, 381-382 
Copjwr, lead and zinc ores, tre^at- 
ment of, 382-385 
Fresnillo, 384-385 
Golden Cycle, 382-384 
Copper, lead or zinc! sulphides, 
gold losses in floating, 150 
Copper sulphides, gold losses in 
floating, 150 

Copper-zinc ores, treatment of, 382 
Flin Flon, 382 
Corduroy, Apex, 187 
as a gold saver, 180-190 
Canadian practice, 183-185 
concentrates, treatment of, 190 
(current use of, 187-190 
Golden Cycle practice, 188 
Lake View ancl Star, 182-183 
roasted concentrates, 183 
Magna plant, Utah Copper Com¬ 
pany, 189-190 
method of applying, 182 
Montezuma Apex, 188-189 


Corduroy, Rand practice, 185-187 
raw ore, 183 
Siscoe, 185 
strakes, 40 

United States practice, 188-190 
when to use, 180-181 
weave and nap of, 181 

Cost, of all-sliming cyanidation, 
East Geduld, 420 
of cyaniding concentrates, Mc- 
Intyre-Porcupine, 421 
of leaching. Yellow Aster, 421 
of leaching coarse ore. Mountain 
Copper Co., Calif., 422 
of old-residue treatment, Bendigo, 
Australia, 421 

of residue treatment, Kalgoorlie, 
421 

Kolar, India, 422 
of smelting concentrate, and re¬ 
turns from, 161 

Cost and production data, principal 
gold-mining companies, 404- 
407 

Costs, of amalgamation and milling. 
Porcupine United, 408 
analysis of, 403 

of crushing, Mclntyre-Porcupine, 
315 

Homestake, 365 
of milling. Argonaut, 417 
of milling and amalgamation, 
Porcupine United, 408 
1935, of crushing, screening and 
conveying, Hollinger, 309 
of grinding, Hollinger, 311 
of old-residue treatment, 421-422 
of plant construction, 403, 408 
and power consumption, 403-425 
of treatment, 408-422 
Alaska-Junean, 408-409 
Coniaurum, 409 
Golden Cycle, 409-410 
Hollinger, 410-411 
Homestake, 411 
Howey, 412 
Kolar, India, 412-413 
Lake Shore, 413-414 
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Costs, of treatment, Lava Cap, Calif., 
414 

Mclntyre-Porcupiiie, 415 
Montana mines, 415 
Morro Velho, Brazil, 415-416 
Mother Jjodo, 416-417 
Pachuca, 387 

Premier, British Columbia, 417 
Presidio, Texas, 420-421 
Rand, 419 
Reno, 417-418 
United Eastern, 418 
Wright-Hargreaves, 419 
United Eastern, 330 
Witwatersrand, 334 
Coulter, D. L., 325 
Countercurrent decantation, devel¬ 
opment of, 4 

United Eastern, flow-sheet, 327 
Cowles, E. P., 336 
Crawford, W. E., 101, 127, 236, 238, 
384, 394, 401 

Cresson Consolidated Gold Mining 
and Milling Company, Cripple 
Creek, sorting practice, 66-66 
Cripple Creek, Cresson Consolidated 
Gold Mining and Milling Co., 
sorting practice, 65-66 
Golden Cycle custom plant, crush¬ 
ing, 57 

Cripple Creek ores, average-grade, 
flow-sheet, 369 
cnishing, 57 

low-grade, flow-sheet, 370 
Croston, John J., 8-11, 403 
Crowe, T. B., 5 
Crusher, Blake, 52 
cone, 52 
Dodge, 52 
feeding, 54 
gyratory, 52 

Allis-Chalmers, 57 
Telsmith 8-A, 57 
jaw, 52 

Buchanan type *‘B,” 53 
Newhouse, type “B,'' 54 
Superior, 56 
Symons, 55 


Cnisher-house products, Mclntyre- 
Porcupinc, sieve analysis, table, 
60 

Crusher and sorting stations, Sub- 
Nigel, flow-sheet, 349 
Crushing, coarse, 51-63 
Coniaurum, 303 

cost of, Mclntyrc-Porciipine, 315 
first stage, 56-57 
flow-sheets, 59-63 

coarse crushing, Coniaurum, 62 
90 tons per day, 59 
tliree-8tag<i crushing, cotio 
crush( r. rolls and sc^reens, 63 
grizzly and 8crl^ell, 62 
two-stage crushing, grizzly and 
screen, 61 

gyratory and cone, 59 
jaw and gyratory, 61 
Golden Cycl(‘, 57, 383 
Hollingor, 309-310 
Homestake mine, 52, 364 
Kirkland Lake ore, 275 
Lake View and Star, 374 
Mclntyre-Porcupim? mine, 52, 55, 
57, 59, 60, 63 

and milling, Randfontein Estates, 
flow-sheet , 341 
Morro Velho, 57, 367 
New State Areas, 337-338 
Pacdiuca, 385 
Pioneer, 321 
Porcupine ore, 299 
Premier mill, British Columbia, 57 
Presidio mine, Texas, 57 
progress of, 5-6 
Rand, 53 

second stage, 57-58 
surface, 56-57 

Teck-Hughes, Kirkland Lake, 57 
third stage, 56-63 
underground, 56 

washing and sorting, Sub-Nigel, 
flow-sheet, 347 

Wiluna, Western Australia, 56 
Witwatersrand, 332 
Crushing plant, equipment, 51 
position of crushers, 52-53 
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Crushing plant, equipment, selection 
of crushers, 52 
Hollinger, flow-sheet, 308 
Lake Shore, flow-sheet, 279 
Mclntyre-Porcupine, flow-sheet, 
314 

New State Areas, flow-sheet, 337 
Toburn, flow-sheet, 293 
Crushing, screening and conveying 
costs, 1935, Hollinger, 309 
Current use of corduroy, 187-190 
Curve of dissolution, United East¬ 
ern, 328 

Curves for determining barometric 
pressure at various altitudes 
and for determining standard 
oxygen-saturation values at 
various temperatures and pres¬ 
sures, 225 
Cyanidation, 234 
agitation in, 95-98 
all-slimiiig, cost of, East Oeduld, 
420 

books on, 453, 454 
circuit. Lake Shore, flow-sheet, 
281 

vs. flotation, 150-164 
Hoinestako, 365 
Lake View and Star, 376-377 
lead salts and lead minerals in, 242 
Mclntyre-Porcupine, 317-320 
ix>1e of oxygen in, 224 
Cyanide, 217-245 
Aero-brand, 218-219 
Castncr-Roessler process, 218 
(;onsumption of, 35-36, 218-220, 
235-242 

free, determination of, 33-34 
history of, 7 
manufacture of, 218 
riHJovery of, Pachuca, Mexico, 
238-240 

from silver-ore treatment, 238- 
240 

regeneration of, 235-242 
from gold-<opper residue treat¬ 
ment, 240 

Pachuca, Mexico, 238-240 


Cyanide, regeneration of, principle 
of, 235-237 

from silver-ore treatment, 238- 
240 

types of, and cyanide consump¬ 
tion, 218-220 

Cyanide-mercury process, patented, 
358 

Cyanide mill, Randfontein Estates, 
flow-sheet, 342 

Cyanide plant, Mclntyre-Porcupine, 
flow-sheet, 318 

New State Areas, flow-sheet, 339 
Toburn, flow-sheet, 292 
Cyanide plants, early, 2, 3, 4 
Cyanide process, application of, to 
ores, 3 

contributors to development of, 2- 
6 

development of, 1-8 ‘ 

patents, 2 

use of mercury in, 358-360 
Cyanide recovery, 235-242 
Cyanide section, Wright-Har- 
greaves, flow-sheet, 294 
Cyanide solutions, aerating or oxy¬ 
genating, 224-226 
detection of gold and silver in, 
253-254 

gold in, 253-254 
impurities in, 221-223 
oxygen content of, 226-231 
Cyaniding, of concentrates, Mc¬ 
lntyre-Porcupine, 421 
Morro Velho, 367 
of ores, graphite in, 242-243 
Cyanogen in mill solutions, 237 
Cycle of slime treatment. Home- 
stake, 125 

Cyclic use of solution, 39 
D 

Daggafontein, grinding practice, 81- 
82 

Day Dawn, treatment of gold ores, 
260 

Deaeration of oxygen, 194 
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Decantation, continuous counter- 
current, 133-139 
Definition, ^tration, 119-120 
Define press, 123 
Deister concentrator, 142 
Denny, J. J., 6, 162, 166, 161, 211, 
247, 250, 313, 391 
Density of slime, table, 447-461 
Dentonia, treatment of gold ores, 
261-263 

Deposits of ore, types of, Ontario, 
273 

Determination, of consumption of 
cyanide and lime, 35-36 
of free cyanide, 33-34 
of gold in cyanide solutions, 253- 
264 

of lime requirements of ores, 246 
of oxygen in cyanide solutions, 
apparatus for, 229 
of pH, 245-247 

of particle sizes, logarithmic plot 
for, 461 

of pnitective alkalinity, 34-35 
Developments, in fine grinding, 75- 
76 

Devereux agitator, 97 
Diapfiragm pump, 118 
Diefil, L. H., 4 

Differential grinding,, introduction 
of, 6 

Dissolution, curve of, United East^ 
ern, 328 

of gold, pioneer, 323 
during wasfiing, 138-139 
Distributor, revolving arm, inven¬ 
tion of, 4 
Dixon, John, 379 
Djingheuzian, L. E., 234 
Dome, conditioning operations, 234 
corduroy practice, 183-185 
milling, flow-sheet, 306 
sulphide treatment, 163 
treatment of gold ores, 304-307 
Dorfman, A., 299 
Dorr, J. V. N., 4 
Dorr agitator, 4, 96-97 


Dorr bowl classifier, 47 
Dorr classifier, 4, 68 
bowl type, 93-94 
single-stage typo, 92-93 
Dorr duplex classifier, with Allis- 
Chalmers ball granulator, 71 
Dorr FX (heavy-duty ) classifier, 87 
Dorr hydroseparator, 47 
Dorr machinery, invention of, 4-6 
Dorr thickener, 4, 113-117 
balanced-tray type, 117 
original, 117 
traction, 116 
tray, 113-117 
washing, 116-117 
Dorr Torq thickener, 115-116 
Dorr Turret-Bowl classifier, for 
fine separations, 87 
Dorreo filter, 131-133 
Dowsett, C. W., 299 
Dowsett method for detection of 
gold in cyanide solutions, 253- 
264 

Duggelby, A. F., 267 
Dump effloroH(;ence, analysis of, 398 
Dump treatment, Kolar, costs of, 
422 

Duplex classifier, Dorr, with Allis- 
Chalmers ball granulator, 71 
Duplex roasting furnace;, Edwards, 
165 

duPont de Nemours, E. L, Cf>., 217 
duPont frothers, 147-148 

E 

East Goduld, cost of all-sliming 
cyanidation, 420 
flow-sheet, 335 
grinding practice, 81-82 
mill output, 425 
power consumption, 425 
treatment of gold ores, 336-337 
Ecuador, Porto Velo, South Amer¬ 
ican Development Co., treat¬ 
ment of complex ores, 358-360 
Edquist, V. T., 207 
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Edwards roasting furnace, duplex, 

165 

Edwards simplex adjustable furnace, 

166 

Effect of flotation reagents, 148 
Electrolytic refining, 214r-216 
Elements, table, 427-428 
Eisner, L., 2 
Elutriation tests, 27-29 
Englemann, E. W., 189-190 
Equipment, fine grinding, 70-76 
Merrill-Crowe bag-type precipita¬ 
tion using zinc dust, 192 
Merrill-Crowe vacuum-leaf pre¬ 
cipitation with zinc dust, 193 
older grinding, 75 
zinc-dust precipitation, 198-200 
Examination of ore, 29-30 
preliminaries, 22 

Examination and testing of ore, 22- 

50 

Examples of sorting, 64-69 
Alaska-Juneau, 64-65 
Cressoii, 65-66 
Howey, 6fi-67 
Hand, 68-69 

East Geduld mine, 68-69 
Extraction, and cost, Homestake, 

365 

Pachuca, 387 

Extractor box, Mysore, India, 202 
F 

Factors, conversion, 428-441 
Fagergren flotation machine, 153 
Fahrenwald, A. W., 140 
Farah, Hector, 275 
Feeding crushers, 54 
Filter, American, 129-131 
Butters, 126-129 
disc type, development of, 6 
Dorreo, 131-133 
leaf type, 126-129 
Merrill automatic sluicing-pres- 
sure slime, 124 
Moore, 126-127 
Oliver, 132-133 


Filter, Oliver, installation of, 123 
pressure, 123-126 
rotating drum type, development 
of, 6 

rotary type, 129-133 
vacuum, 126-129 
development of, 5, 6 
Filter cloth, 121-122 
Filter presses, cleanup, 208-209 
Filter tests and calculation, 49 
Filter types, 122-133 
Filtration, 119-133 
Coniaurum, 304 
definition, 119-120 
and drying. Lake View and Star, 
376 

media, 120-133 
Pachuca, 386 
Pioneer, 323 
principles, 120 
stage, 122 

Fine grinding, 70-84 

and all-cyanidation vs. fine grind¬ 
ing and all-flotation, 152-154 
equipment, 70-76 
summary, 70 

theory and practice, 76-84 
Fine iron in mill pulp, 243 
Fineness of grinding, Tcck-Hughes, 
291 

Finishing bowd classifiers, 88 
First-stage crushing, 56-57 
Flame and furnace temperatures, 
446 

Flin Flon, treatment of copper-zinc; 

ores, 382 
Flotation, 41-48 
as an accessory, 154-156 
checking by table concentration 
of tailings, 150 

conditioning ore pulp before, 235 
cyanidation vs., 150-154 
of gold ores, reagents used in, 146- 
147 

Lake View and Star, 374-376 
ore, hydrogen-ion control in, 245 
of precious-metal ores, 145-157 
on the Rand, 156-157 
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Flotation, Wright-Hargreaves, 297- 
298 

flow-sheet, 295 

Flotation cell and hydraulic cone, 
168-171 

Flotation cells, Kraut, on Bulolo 
dredge, 155 

Flotation and grinding plant, Mc- 
Intyre-Porcupine, flow-sheet, 
316 

Flotation machines, 146 

Flotation plant. Lake Shorts, flow¬ 
sheet, 280 

IHotation process, introduction of, 7 

Flotation reagents, 44^45 
consumption of, 48 
precipitating effect of, 148 

Flotation solutions, alkalinity of, 
Mclntyre-Porcupine, 247 

Flotation tests, 149-150 

Flotation unit in the grinding cir¬ 
cuit, 155 

Flow-sheet, amalgamation pracdico, 
Porcupine United, 175 
Beattie plant, milling and flota¬ 
tion, 151 

concentrate plant. Golden Cy<4(‘, 
189 

concentrate treatment, Lake View 
and Star, Kalgoorlie, 158 
Goniaurum, milling, 302 
continuous countercurrent dec^aii- 
tation, 134-138 

Cripple Creek ores, average grade, 
369 

low-grade, 370 

Flow sheets, crushing, coarse crush¬ 
ing, Coniaurum, 62 
90 tons per day crushing plant, 
59 

three-stage crushing, cone 
crusher, rolls and screen, 63 
grizzly and screen, 62 
two-stage crushing, grizzly and 
screen, 61 

gyratory and cone, 59 
jaw and gyratory, 61 
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Flow sheets, crushing plant, Hol- 
linger, 308 
Tobiirn, 293 
Dome, milling, 306 
East Geduld, 335 
40-ton amalgamating and con¬ 
centrating plant, 160 
G<^lden Chariot, 264 
Golden Cycle sampling plant, 248 
Golden Horseshoe tailings plant, 
397 

C^ddon Plateau, 265, 266 
Golden Queen, 267 
Holhnger, milling, 310 
Holling( r !uhe-milling plant, 81 
Hornestake parting plant, 215 
Lake Shore crushing plant, 279 
Lake Shore cyanidatiori circuit, 
281 

Lake Shore flotation iflant, 280 
Lake View and Star, 375 
Lava Cap, 270 

M (; I n t y re-Po u p i n (i c rush i ng 
plant, 314 

Mclntyre-Porcupine cyanide 
plant, 318 

McIntynsPorciipinc^ grinding and 
flotation, 316 

Mclntyre-Porcupine tube-milling 
plant, 81 

Maitland mine, 362 
milling, Macassa, 283, 284 
New State Arcjas, cnishing plant, 
337 

cyanide plant, 339 
lube-milling plant, 80 
Original Sixteen-to-one, iiiilliiig, 
320 

Pioneer, milling, 322 
Randfontein Estates, cnishing and 
milling, 341 
cyanide mill, 342 
South Kalgurli, 378 
Sub-Nigel crushing, washing and 
sorting, 347 
milling, 348 

Sunshine Silver ore-treatment 
plant, 390 
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Flow sheets, Teck-Hughes, 287 
retreatment plant, 400 
Tobum cyanide plant, 292 
United Eastern countercurrent de¬ 
cantation, 327 

Wanderers Consolidated Gold 
Mines, Ltd., 351 

West Rand Consolidated, 353, 354 
pyrite mill, 356 

Witwatersrand metallurgical prac¬ 
tice, 331, 332, 333 
1886-1890, flow-sheet, 331 
1910, flow-sheet, 332 
1934, flow-sheet, 333 
Wright-Hargreaves, cyanide sec¬ 
tion, 294 

flotation section, 295 
Fluoride-iodide method for deter¬ 
mination of copper content in 
ores, 255 

Fluxing zinc precipitate, 211 
Forbes, C. R,, 398 
Formula, calculation of ratio of cir¬ 
culating load, 79-80 
calculation of recovery in concen¬ 
trates, 426 

for pulp consistency, 446-447 
Formulas, application of, 50 
temperature-conversion, 445-446 
Forrest, R. W,, 1, 2 
Forrest, W., 1, 2 
Free gold, Porcupine ore, 300 
French, J. H., 363, 365, 415 
Fresnillo, filtration, 127-128 
leaching, 101-102 
patio tailings, treatment of, 401- 
402 

tailings, treatment of, 401-402 
treatment of mixed copper, lead 
and zinc ores, 384-385 
Froth modifiers, 147 
Frothers, 44, 147 
Fulton, C. H., 108 
Furnace, Edwards, duplex, 165 
simplex adjustable, 166 
Furnace and flame temperatures, 
446 


G 

Gardner, E. D., 408 
Gayford, Ernest, 157, 169 
GUinter, A. L., 6 
Genter thickener, 118-119 
sectional elevation, 119 
Gold, annual output of leading gold 
mines, 1929-1935, 12-16 
best years for, 18 
condition of, in old residues, 396 
in cyanide solutions, 253-254 
detection of, in cyanide solutions, 
253-254 

dissolution of, Pioneer, 323 
free, Porcupine ore, 300 
increase after introduction of 
cyanidation, 5 
pmduction of, 8-21 

by custom smelting, silver and 
base-metal mining compa¬ 
nies, 17 

of world, by countries, 19 
of world centers, 9 
recovery of, from base-inetal ores, 
380-385 

Morro Velho, 368 
retained in circuit, 216 
revaluation of, 8-21 
simple ores, treatment of, 257- 
358 

Benguet Consolidated, 257- 
259 

Big Jim, 259-260 
Carson Hill, 260 
Coniaurum, 300-304 
Dentonia, 261-263 
Dome, 304-307 
East Geduld, 336-337 
Golden Chariot, 263-266 
Golden Plateau, 265 
Golden Queen, 266-267 
Bollinger, 307-313 
Howey, 268 

Kirkland Lake, 273-299 
Kolar, 268-270 
Lake Shore, 277-282 
Lava Cap, 271 
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Gk)ld, simple ores, treatment of, 
London mine, 271 
Macassa, 282-285 
New State Areas, 337-340 
Northern Ontario, 273>320 
Original Sixteeii-to-one, 320- 
321 

Philippine Islands, 257-259 
Pioneer, 321-324 
Premier, 324-326 
Randfontein Estates, 340- 
346 

Spring Hill, 325-326 
SuV)-Nigel, 346-350 
Teek-Hughes, 285-290 
Tobum, 290-294 
United Eastern, 326-330 
Wanderers, Selukwe, South¬ 
ern Rhodesia, 350-352 
West Rand Consolidated, 
352-357 

West Springs, 357-358 
Witwatersrand, 330-358 
Wright-Hargreaves, 294-299 
solution of, 233 

world's reported reserves, sum¬ 
mary, 20 

Gold-copper ores, 380-381 
Mount Morgan, 380-381 
Tul Mi Chung, 381 
Gold-flotation cell in tube-mill clas¬ 
sification circuit, effect of, 156 
Gold losses in floating copper, lead 
or zinc sulphides, 150 
Gold ores, reagents used in flotation 
of, 146-147 

Gold Range, Nev., flotation, 149 
Gold saving by corduroy, 180-190 
Gold trap, hydraulic, 169, 170 
Montezuma-Apex, 169 
Golden Chariot, amalgamation, 177 
flow-sheet, 264 
optimum pH zones, 247 
treatment of gold ores, 263-265 
Golden Cycle, corduroy, 188 
costs of treatment, 400-410 
crushing, 383 


Golden Cycle, flotation cells in grind¬ 
ing circuit, 155 

grinding and concentration, 383- 
384 

ore sampling, 247 
power consumption, 423 
roasting concentrate, 166-167 
sampling plant, flow-sheet, 248 
treatment of complex ores, 382- 
384 

Golden Cycle concentrate plant, 
flow-sheet, 189 
custom plant, crushing, 57 
leaching. 99-100, 103-105 
sand-slime separation, 104 
Golden Horseshoe tailings plant, 
flow-sheet, 397 

Golden Plateau, flow-sheet, 265, 
266 

treat rnent of gold ores, 265 
Golden Queen, flow-sheet, 267 
treatment of gold ores, 266-267 
Government Gold Mining Areas 
Plant, Transvaal, sand drainage, 
105 

Grading or sieve tests, 251-253 
Grant, L. A., 325 

Graphite in cyaniding ores, 242-243 
Gravity concentration, 40-41 
Gray, F. E., 144, 388 
Great Western Electro-Chemical 
Co., 148 

Grinding, Coniaurum, 303 
costs, 1935, Hollinger, 311 
equipment, 70-76 
older, 75 
fine, 70-84 

theory and practice, 76-84 
fineness of, Teck-Hughes, 291 
Hollinger, 310^11 
Kirkland Lake ore, 275 
media, 74 

New State Areas, 337-338 

open circuit, 88 

open and closed circuit, 78-81 

Pachuca, 385-386 

Pioneer, 321 

Rand, recent, 81-83 
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Grinding, Randfontein Estates, 83- 
84 

single stage, with classifier in 
closed circuit with ball mill, 
78 

in solution, 38-30 
Witwatersrand, 81-84, 332 
Grinding and classification, Homo- 
stake, 364-365 

Grinding and concentration, Golden 
Cycle, 383-384 
Mclntyre-Porcupine, 315-317 
Grinding and gravity concentration, 
Lake View and Star, 374 
Grinding and milling, Porcupine ore, 
298-300 

Grinding action, ball and tube mills, 
76 

Grinding circuit, flotation unit in, 
165-156 

Grinding and flotation plant, Mcln¬ 
tyre-Porcupine, flow-sheet, 316 
Grizzly, stationary, rotary, recipro¬ 
cating, 51 
Gross, John, 206 

Gyratory crusher, Allis-Chalmers, 57 
Telsraith 8-A, 67 
Traylor, 66 

H 

Haas, M. C., 144, 153 
Hadsel mill, 78-76 
Hamilton, £. M., 4, 37, 228 
HainUton, P. D. P., 69, 183, 300, 
304, 313 

Hardinge classifier, 94-95 
Hardingc conical mill, 72 
Hardinge constant-weight apparatus 
for weighing ore, 54 
Hardinge-Hadsel mill, 76-76 
operation of, 76 
Hamer, L. S., 127, 247, 368 
Head, R. E., 25 

Heating solutions, Kirkland Lake 
ore, 277 

Hercules Powder Co., 148 
Herz, Nathaniel, 213 


Hill, H. R., 336 
Historical, 1-21 
Holdsworth, W., 261 
Hollinger, cleanup, melting, 208-210 
coarse crushing, flow-sheet, 63 
concentrate treatment, 311-312 
concentration, 311-312 
consumption of chemicals, 313 
costs of treatment, 410-411 
emshing, 308-310 
crushing equipment, 61 
crushing plant, flow-sheet, 308 
crushing, screening and conveying 
costs, 1935, 309 
grinding, 310-311 
costs of, 1935, 311 
milling flow-sheet, 310 
ore sampling, 248-249 
precipitation and refining, 313 
refining and precipitation, 313 
samples taken, 249 
sulphide treatment, 163 
treatment of gold ores, 307-313 
tube-milling plant, flow-sheet, 81 
Holms, Leonard, 4 
Homestake, amalgamation, 177-179, 
364 

bullion, fineness of, 214 
bullion parting, 213-214 
classification, 364—365 
for leaching, 108-101 
costs of treatment, 411 
crushing, 52, 56, 57, 364 
cyanidation, 365 
extraction and cost, 365 
grinding, 364-365 
parting plant, flow-sheet, 215 
precipitation, 366 
sand-treatment cycle, 103 
slime-treatment cycle, 126 
treatment of complex ores, 363- 
365 

Honduras, Rosario, treatment of sil¬ 
ver ores, 387-388 
Hopkins, P. E., 273 
Hosking, A. F., 201, 268 
Hours of treatment, and values, 
Teck-Hughes, 201 
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Howbert, V. D., 144, 388 
Howey, cleanup, melting, 209 
cost of treatment, 412 
filter-sector treatment, 130-131 
sorting practice, 66-67 
treatment of gold ores, 268 
Huntington mills, 75 
Hutchinson, R. H., 391 
Hutchison, R. H., 161 
Huttl, J. B., 188, 273 
Hydraulic classifiers, means of classi¬ 
fication, 90-91 

Hydraulic cone and unit flotation 
cell, 168-171 

Hydraulic gold trap, 169, 170 
Montezuma-Apex, 169 
Hydrogen-ion control in ore flota¬ 
tion, 245 

Hydrogen-ion tests, 245-247 
I 

Idaho, Golden Chariot, amalgama¬ 
tion, 177 

optimum pH zones, 247 
treatment of gold ores, 263-265 
Yankee Boy, Sunshine treatment 
of silver ores, 389-391 
Idaho-Maryland, concentrate treat¬ 
ment, 158-160 
flotation, 149 
flow-sheet, 159 

Imperial Chemical Industries, Ltd., 
218 

Impurities in cyanide solutions, 221- 
223 

India, Kolar, amalgamation, 179 
bullion sampling, 213 
(x>st of residue treatment, 422 
cost of treatment, 412-413 
precipitation, zinc shavings, 201 
treatment of gold ores, 268-270 
Mysore, extractor box, 202 
Information, reference, 426-454 
Institution of Mining and Metal¬ 
lurgy, England Screen Series, 
452 


Intermediate classification between 
stages of fine grinding, 88 
Iron (fine) in mill pulp, 243 
Irvin, Donald F., 294 

J 

James, Alfred, 2 
Johnson, C. H., 259, 408 
Johnson, E. H., 186 
Johnson concentrator, 141 
Johnston, W. E., 379 
Julies, Harold, 363, 365, 415 

K 

Kalgoorlic, chemicals used at., 378- 
380 

cost of residue treatment, 421 
Lake View and Star, concentrate 
treatment, flow-sheet, 158 
oxygen in mill solutions, 232-233 
treatment of complex ores, 371- 
373 

Kalgurli, treatment of complex ores, 
371-373 

Kalgurli Ore Treatment Co., treat¬ 
ment of complex ores, 371-373 
Kalgurli ore treatment plant. West¬ 
ern Australia, flow-sheet, 373 
Kendall, R. H., 201, 268 
Kenny, William R., 245 
King, Andrew, 352 
Kirkland Lake, Lake Shore, bullion 
f sampling, 213 

Ontario, types of ore deposits, 273 
ore treatment, summary, 276 
xulphides, treatment of, 162-164 
Sylvanite plant, interior, 74 
Wright-Hargreaves, bromo salts, 
244-245 

fine iron in mill pulp, 243 
ore sampling, 250-251 
Kirkland Lake gold ores, treatment 
of, 273-299 

Kirkland Lake ore, classification, 275 
crushing, 275 
heating solutions, 277 
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Kirkland Ijake ore, milling and grind¬ 
ing, 275 

precipitation, 277 
slime treatment, 277 
sulphides, 275-277 
Kochkar mines, Chiliabinsk, Russia, 
flotation, 165-164 
Kolar, amalgamation, 170 
bullion sampling, 213 
cost of residue treatment, 422 
cost of treatment, 412-413 
precipitation, 201 
treatment of gold ores, 263-270 
Korea, Tul Mi Chung, treatment of 
copper-gold ores, 381 
Kraut flotation cells on Bulolo 
dredge, 155 
Kuryla, M. H.. 385 

L 

La Motte, Frank L., 246 
Laboratory tests, filter, 49 
Lake Shore, bullion sampling, 213 
cost of treatment, 413-414 
crushing plant, flow-sheet, 279 
cyanidation circuit, flow-sheet, 
281 

flotation plant, flow-sheet, 280 
mill assays, average results of, 414 
sulphide and telluride treatment, 
163 

treatment of gold ores, 277-282 
. Lake View and Star, concentrate 
treatment, flow-sheet, 158 
corduroy, use of, 182-183 
crushing, 374 
filtration and drying, 376 
flotation, 374-376 
flow-sheet, 375 

grinding and gravity concentra¬ 
tion, 374 

roasting and cyanidation, 376-377 
treatment of complex ores, 373- 
377 

Lava Cap, cost of treatment, 414 
flow-sheet, 270 
treatment of gold ores, 271 


Lawr, C. W., 236 

Leaching, Borneo Company, Sara¬ 
wak, 106 

classification for, 99-101 
of clay ore, 108-112 
of coarse ore, i06-112 

cost of, Mountain Copper Co., 
Calif., 422 
Fresnillo, 101-102 
Golden Cycle mill, 99-100,103-105 
Homestake, 100-101, 102-103 
Mountain Copper Company, Kki 
Rand, 105-106 

Wasp No. 2, South Dakota, 106- 
108 

Ijeaching costs. Yellow Aster, 421 
Leaching cycle for quartzite, 107- 
108 

Lead salts and lead minerals in 
cyanidation, 242 

Lead sulphides, gold losses in float¬ 
ing, 150 

Leaf-type filters, 126-129 
Leaver, E. S., 149, 243, 380, 401 
Lime requirements of ores, deter¬ 
mining, 246 
Liners, 75 
pocket, 75 
rubber, 75 
silex, 75 

Lixiviated patio tailings, 401-402 
Jjogarithmic plot for determining 
particle sizes, 451 

London mine, treatment of gold 
ores, 271 

Longmore, E. L., 248, 299 
Loreto, precipitation, 215-216 
surface crushing, 56 
treatment of silver ore (see 
Pachuca) 

Losses in gold, floating copper, lead 
or zinc sulphides, 150 
Lowden, H. B., 447 

M 

MacArthur, J. S., 1, 2 
Macassa, mill flow-sheets, 283, 284 
treatment of gold ores, 282-285 
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McClellan, R. S., 263 
McGlusky, S. P., 393 
McClusky process, treatment of 
manganese-silver ores, 392-393 
McConnell, J., 2 
Machines, flotation, 146 
Mclntyre-Porcupine, chemical 
analyses, 313 

concentration and grinding, 315- 
317 

cost of cyaniding concentrates, 
421 

cost of treatment, 415 
. crushing, 52, 55, 57, 59, 60, 63 
cost of, 315 

cnishing plant, flow-sheet, 314 
cyanidation, 317-320 
flotation cells in grinding circuit, 
155-156 

flotation solutions, alkalinity of, 
247 

grinding and flotation plant, flow¬ 
sheet, 316 
magnets, 53 

metaliurgical results and percent¬ 
ages of recovery, 319 
optimum pH zones, 246-247 
ore sampling, 250 
pilot plant, 152 
power consumption, 424 
precipitate, treatment of, 211 
sieve analysis, crusher-house prod¬ 
ucts, table, 60 
sulphide treatment, 164 
tramp steel, 53 

treatment of gold ores, 313-320 
tube-milling plant, flow-sheet, 81 
McLachlan, C. G., 24, 27, 254 
McLean, C. S., 352 
Magna plant, corduroy, 189-190 
Magnetite analysis, 256 
Magnets, 53 

Maitland mine, flow-sheet, 362 
treatment of complex ores, 361- 
363 

Mancantelli, R. W., 413, 414 
Manganese-silver ores, 391-395 


Manganese-silver ores, treatment of, 
Caron process, 392-393 
McClusky process, 393-395 
Manufacture of cyanide, 218 
Marcy ball mill in operation, sec¬ 
tional view, 71 

Marcy rod mill in operation, 73 
Mathews, O., 185 
Matte and slags, bullion from, 213 
Maxson, W. L., 252 
Mechcnicfil agitators, 97-98 
Mechanical classifiers, means of 
classification, 91-95 
Media, grii;ding, 74 
Megill, H. B., 282 
Mein, G. A., 4-5 
Melting, cleanup, 209-210 
Hollinger, cleanup, 209-210 
Howey mine, cleanup, 209 
Melting and refining, Pachuca, 387 
Melting points of elements, 427-428 
Mensuration, 445 

Mercury, use of, in cyanide procc;sH 
368-360 

Merrick wtiightonieter, 54 
Merrill, C. W., 4-5 
Merrill automatic sluicing-pressure 
slime filter, 124 

Merrill-Crowe bag-type precripita- 
tion, using zinc dust, 192 
Merrill-Crowe vacuum-leaf precipi¬ 
tation with zinc dust, 193 
Merrill press, 123-126 
Metallurgical practice, Witwafers- 
rand, 1886-1890, flow-sheet, 
331 

1910, flow-sheet, 332 
1934, flow-sheet, 333 
Metallurgical results and percent¬ 
ages of recovery, Mclntyre- 
Porcupine, 319 

Metals and their minerals, 442-443 
Mexican retreatment, treatment of 
old residues, 401-402 
Mexico, Fresnillo, leaching, 101-102 
treatment of complex ores, 384- 
385 
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Mexico, Loreto, Pachuca, eurface 
crushing, 66 

Pachuca, aeration in troatineut of 
silver ores, 226 
Loreto precipitation, 215-216 
treatment of silver ores, 386- 
387 

Microscopy as an aid in cyanidation, 
23-26 

Mill, ball, Marcy, in operation, 71 
Chilean, 76 
conical, Hardinge, 72 
Hadscl, 76-76 

Mill assays, average results of. Lake 
Shore, 414 

Mill output. East Geduld, 425 
Mill products. Argonaut, screen 
analyses of, 141 
Mill pulp, fine iron in, 243 
Mill solutions, cyanogen in, 237 
oxygen in, 232 
Mill speed, 80 

Mill supplies, Teck-Hughes, 286 
Miller process, bullion parting, 213- 
214 

Millett, A. H., 366 
Milling, of Coniauruni, flow-sheet, 
302 

cost of. Argonaut, 417 
Mother Lode, 416—417 
Dome, flow-sheet, 306 
and grinding. Porcupine ore, 290- 
300 

Hollinger, flow-sheet, 310 
Kirkland Lake ore, 276 
Original Sixteen-to-one, flow¬ 
sheet, 320 

Northern Ontario, 84 
Pioneer, flow-sheet, 322 
Randfontein Estates, flow-sheet, 
341 

South Africa, 84 
Sub-Nigel, flow-sheet, 348 
Mills, ball, 70-72 

grinding action of, 76 
capacity, 76-78 
conical, 72 
Huntington, 76 


Mills, rod, 72-73 
tube, 73-75 
grinding action, 76 
Mine and Smelter Supply Co., 170 
Minerals, metals and, 442-443 
Missouri McKee Gold Mining Com¬ 
pany, Madison County, Mon¬ 
tana, treatment to overcome 
graphite in ores, 243 
Mixed copper lead and zinc ores, 
treatment of, 382-386 
Moir, James, 221 
Moisture in pulp, 80-81 
Montana mines, cost of treatment, 
415 

Montana Mines Corporation, Spring 
Hill, treatment of gold ores, 
325-326 

Montezuma-Apex, (jorduroy, 188- 
189 

hydraulic gold trap, 169 
Moore, George, 6 
Moore filters, 126-127 
Morris, J. M., 267 
Morro Velho, classifying and grind¬ 
ing, 367 

concentrating, 367 
cost of treatment, 416-416 
crushing, 57, 367 
cyaniding, 367 
roasting, 368 

treatment of complex ores, 366- 
368 

Morton, George, 1 
Morton, R. J., 264 
Mother Lode, Argonaut, amalgama¬ 
tion, 172-174 
concentration at, 141-143 
cost of treatment, 416-417 
flotation, 149 
ore treatment, 273 
summary, 274 

treatment of old residues, 399-401 
Mount Morgan, treatment of gold- 
copper ores, 380-381 
Mountain Copper Company, cost of 
leaching coarse ore, 422 
leaching, 106 
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Mysore mine, India, extractor box, 
202 

N 

Nevada Tonopah, treatment of old 
residues, 396->397 

New Consolidated Goldfields, Sub- 
Nigel, treatment of gold ores, 
346-350 

New Guinea, Day Dawn, treatment 
of gold ores, 260 

New South Wales, Australia, cya¬ 
nide regeneration, 240-242 
New State Areas, crushing, 337-338 
crushing plant, flow-sheet, 337 
cyanide plant, fiow-shcet, 339 
grinding, 337-338 
refining, 340 
slime treatment, 340 
treatment of gold ores, 337-340 
tube-milling plant, 80 
Newhouse crusher, type “B,” 54 
Nipissing, precipitation, 204 
Nobel elutriator, 27-29 
Noranda, elut nation tests at, 27 
pyrite and pyrrhotito tests, 254 
sieve analysis, 252 
North, Wheeler O., 326 
Northern Ontario, ore trcatineni, 
273-320 

treatment of concentrates, sul¬ 
phides, 162-164 
treatment of gold ores, 273-320 
Northern Ontario practice, milling, 
84 

Nourse mine, Rand, process for 
oxygenating cyanide solutions, 
224 

O 

Oatman, Arizona, Big Jim, treat¬ 
ment of gold ores, 259-260 
Gold Roads, United Eastern, treat¬ 
ment of gold ores, 326-330 
Old-residue treatment, cost of, 421- 
422 


Older grinding equipment, 75 
Oliver, E. L., 5 
Oliver filter, 132-133 
installation of, 123 
O'Malley, G. B., 377 
Ontario, Cobalt, precipitation by 
sodium sulphide, 204-205 
Coniaurum, coarse crushing, flow¬ 
sheet, 62 

Dome, conditioning operations, 234 
Bollinger, coarse crushing, flow¬ 
sheet, 63 

treatment costs, 410-411 
Howey, filter-sector treatment, 
136-131 

sorting practices, 66-67 
treatment costs, 412 
treatment of gold ores, 268 
Kirkland Lake, Lake Shore, bul¬ 
lion sampling, 213 
Wright-Hargreaves, ore? sam¬ 
pling, 250-251 

Meintyre-Porcupine, cost of treat¬ 
ment, 415 

Northern, ore treatment, 273-320 
treatment of concentrates, 162- 
164 

treatment of gold orens, 273-320 
Porcupine United, plate amalga¬ 
mation, 174-177 

Wright-Hargreaves, cost of treat¬ 
ment, 419 

Ooregiim, India treatment of gold 
ores, 269-270 

Open-circuit grinding, 78-81, 88 
Optimum pH zones, 246 
Golden Chariot, 247 
Mclntyre-Porcupine, 246-247 
plant examples, 246-247 
Premier, British Columbia, 246 
Ore, arsenopyrite in, 360-361 
Cam and Motor, analyses, 164 
coarse, leaching, 106-112 
deposits, types of, Ontario, 273 
examination of, 29-30 
flotation, hydrogen-ion control in, 
245 

manganese-silver, 891-395 
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Ore, Pachuca, analysis of, 385 Oxygen, in mill solutions, 232 


Porcupine, and its treatment, 299- 
320 

pyritc in, 361-363 
pyrrhotite in, 363-368 
sampling, 247-251 
Golden Cycle, 247 
Hollinger, 248-249 
Mclntyre-Porcupine, 250 
Pioneer, 250 

Wright-Hargreaves, 250-251 
silver, Presidio, Shafter, Texas, 
388-389 

sulphotellurides in, 368-380 
^uth Kalgurli, 377-378 
treatment, Kirkland Lake, sum¬ 
mary, 276 

Mother Lode, summary, 274 
Porcupine district, summary, 
301 

weighing, 54 

Wright-Hargreaves, analysis of, 
275 

Ore pulp, conditioning, 234 
before flotation, 235 
Ores, base-metal, gold recovery 
from, 380-385 

complex, treatment of, 358-395 
concentration of, 140-167 
copper-gold, treatment of, 381- 
382 

copper-zinc, treatment of, 382 
flotation of, 145-157 
gold-copper, 380-381 
lime requirements of, 246 
mixed copper, lead and zinc, 
treatment of, 382-385 
silver, reagents for, 147-148 
treatment of, 385-395 
simple, treatment of, 257-358 
simple and complex, treatment of, 
257-395 

Original Dorr thickener, 117 
Original Sixteen-to-one, milling flow¬ 
sheet, 320 

treatment of gold ores, 320-321 
Oxygen, in cyanidation, role of, 224 
deaeration of, 194 


Kalgoorlie, 232 
removal of, 194 

Oxygen content of cyanide solu¬ 
tions, 225-231 

Oxygen-saturation values, curves 
for determining, 225 
Oxygenating cyanide solutions, 224- 
226 

P 

Pachuca, Mexico, aeration in treat¬ 
ment of silver ores, 226 
agitating, 386 
agitator, 97-98 

air-consumption data, 98 
clarification and precipitation, 
386-387 

cost of treatment, 387 
crushing, 385 
extraction, 387 
filtration, 386 
grinding, 385-386 
Loreto, precipitation, 215-216 
surface crushing, 56 
melting and refining, 387 
ore, analysis of, 385 
precipitation, 386-387 
thickening, 386 

treatment of silver ores, 385-387 
Parral tank, 3 

Particle sizes, logarithmic plot for 
determining, 451 

Patent (Australian 15635), char¬ 
coal as precipitant, 207 
Patent cyanide-mercury (Schraps) 
process, 358 
Patents, cyanide, 2 
Patio tailings, lixiviated, 401-402 
Paul, A. B., 3 
Pearse, H. A., 381 
Pebble-grinding data. South African 
practice, 84 

Percentages of recovery and metal¬ 
lurgical results, Mclntyre-Por- 
cupine, 319 
pH control, 26-27 
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pH control in ore flotation, 245 
pH tests, 245-247 
pH zones, optimum, 246 
Philippine Islands, Benguet Con¬ 
solidated, treatment of gold 
ores, 257-259 

Pioneer, British Columbia, agitation 
and thickening, 322 
clarification and precipitation, 
323-324 
crushing, 321 
dissolution of gold, 323 
filtration, 132 
grinding, 321 
milling, fiow-sheet, 322 
ore sampling, 250 
precipitation and clarification, 
323-324 

precipitation and refining, 324 
refining and precipitation, 324 
solution strengths and reagent 
eonsumption, 324 
treatment of gold ores, 321-324 
Plant construction, cost of, 403, 408 
Plant control, 217-256 
Plant examples, optimum pH zones, 
246-247 

Plate amalgamation, Porcupine 
United, 174-177 

Porcupine district, Ontario, ore- 
treatment summary, 301 
treatment of sulphidcb, 162-164 
types of ore deposits, 273 
Porcupine ore, crushing, 299 
free gold, 300 

nulling and grinding, 299-300 
precipitation, 300 
pyrite, 300 
slime treatment, 300 
and its treatment, 290-320 
Porcupine United Timmins, On¬ 
tario, costs of amalgamation 
and milling, 408 

flow-sheet showing amalgamation 
practice, 175 

plate amalgamation, 174-177 
Power, Wright-Hargreaves, 425 


Power consumption, Alaska-Juneau, 
423 

and costs, 403-425 
East Geduld, 425 
Gk>lden Cycle, 423 
Mclntyre-Porciipine, 424 
Premier, 424 
Rand, 425 
United Eastern, 424 
Power requirements, approximate 
ball-mill capucitii^, 7K 
Prt»ciou8-metal ores, flotation of, 
145-157 

PnH'ipitiilc, analysis of, Holliiiger, 
210 

average grade of, Wright-Har¬ 
greaves, 298 
fluxing zinc, 211 
traatment of, 211-212 
Wright-Hargreaves, average grade 
of, 211 

zinc-gold-silvcr, cleanup for, 208 
Precipitating effect of flotation re¬ 
agents, 148 
Pw'cipitation, 190-212 
advances, 4 
aluminum dust, 203 
charcoal, 206-208 
chemical control of solutions, 194- 
196 

chemistry of, 191-196 
and clarification, pioneer, 323-324 
clarification of solution, 194 
cleanup, 200 

cobalt, by sodium sulphide, 204r- 
205 

Hollingcr, 209-210 
Homestake, 305 
Howey, 209 
Kirkland Lake ore, 277 
Kolar, 201 

Memil-Crowe bag type, using 
zinc dust, 192 

Mf^rrill-Crowe vacuum-leaf, with 
zinc dust, 193 
methoils, 3, 4 

Nipissing, by sodium sulphide, 205 
Pachuea, 386-387 
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Precipitation, Porcupine ore, 300 
preparation of pregnant solutions 
for, 191-196 

Rand, zinc shavings, 201 
and refining, Hollinger, 313 
Pioneer, 324 

United Eastern, 329-330 
removal of oxygen, 194 
sodium sulphide, 204-206 
Witwatersrand, 334 
zinc, 191-196 
zinc dust, 196-200 
economics, 198 
equipment, 198-200 
zinc shaving, 200-203 
Pregnant solutions, preparation of, 
for precipitation, 191-196 
Premier, cost of treatment, 417 
crushing, 67 
optimum pH zones, 246 
power consumption, 424 
treatment of gold ores, 324-326 
Prentice, T. K., 69, 81,105,167,185, 
224, 331 

Preparation of standard colors, 
oxygen determination in cya¬ 
nide solutions, 227-228 
Presidio, Texas, cost of treatment, 
420-421 
crushing, 67 
tabling at, 143-144 
treatment of silver ore, 388-389 
Pressure filters, 123-126 
Pressure slime filter, Merrill auto¬ 
matic, 124 

Primary crushers, position of, 52-63 
selection of, 62 

Primary mills, closed-circuit, 88 
Primary slime, 148-160 
Ihincipal gold-mining companies, 
production and cost data, 404- 
407 

Principle of operation, Hardinge- 
Hadsel mill, 76 
Principles of filtration, 120 
Procedure, settling test, 49-60 
Processes, preparatory, preceding 
cyanidation, 30-49 


Production and cost data of princi¬ 
pal gold-mining companies, 
404-407 
Promoters, 44 
or collectors, 146-147 
Protective alkalinity, determination 
of. 33-36 

Pulp consistency, formula for, 446- 
447 

Pulp moisture, 80-81 
Pulp movement, direction of, 96 
Pump, diaphragm, 118 
Pyrite, analysis, 254-266 

Canyon Corporation, 361-363 
Maitland mine, 361-363 
in ore, 361-363 
in Porcupine ore, 300 
Pyrite mill, West Rand Consoli¬ 
dated, flow-sheet, 356 
Pyrrhotite, analysis, 256 
Homestake, 363-366 
Morro Velho, 366-368 
in ore, 363-368 

Q 

Quartzite, leaching cycle for, 107- 
108 

Quebec, Noranda, pyrite and pyrrho¬ 
tite tests, 264 

Siscoe, corduroy practice, 186 
R 

Rabone, Philip, 164 
Ramsell, J. L., 66 
Rand, amalgamation, 179-180 
bullion sampling, 213 
concentrating, 141 
corduroy practice, 186-187 
cost of treatment, 419 
crushing, 53 
crushing equipment, 51 
flotation possibilities, 156-157 
grinding, recent compared with 
older, 81-83 
leaching, 105-106 . 

Nourse mine process for oxy¬ 
genating cyanide solutions, 
experiments on Rand, 224 
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Rand, power consumption, 425 
precipitation, zinc shavings, 201 
sorting practice, 68-69 
East Gc^uld mine, 68-69 
Raiidfontcm Estates, classification, 
88-84 

cleanup at, 212 

crushing and milling plaiil, flow- 
bhei't, 341 

cyanide mill, flow-sheet, 342 
grinding and clasw heat ion, H3-84 
reagent consumption and 
strengths, 346 
recovery, 346 

solution strengths, 345 34() 
treatment of gold ores, 340- 340 
Ratu of Circulating load, calculation 
of, formulas, 79 
Raw ore, cordurov, 183 
Ra\v treatment of concentrate, 102 
Read, HerlxTt N, 101, 280 
Reagent consumption, and solution 
stlengths, Pioneer, 324 
Reagent «>trengths, Randfontein Es¬ 
tates, 346 

Ri'ugents, flotation, 44-45 
consumption of, 48 
of gold ores, 140-147 
precipitating effect of, 148 
of Silver ores, 147-148 
Real del Monte, bullion, 214 
Re<*ent developments, Hads<*l mill, 
75-76 

Rtx'overv, bullion, 168-210 
calculation of, in concentrates, 420 
of cyanide, 235-242 
Pachuca, 238-240 
from silver-ore treatment, 238- 
240 

of gold from base-metal ores, 380- 
385 

Morro Velho, 368 
percentages of, and metallurgical 
results, Mclntyre-Porcupme, 
319 

Randfontein Estates, 345 
Red Lake, Ontario, Howey mine, 
sorting practice, 66-67 


Redmgton, John, 300 
Reed, Allen B., 245 
Reed, Fraser 1) , 391 
Reference information, 426-454 
Refining, electrolytic, 214-216 
New State Areas, 340 
and precipitation, lb llinger, 313 
Pioneer, 324 

United Eastern, 329-330 
Wright-Hargreaves, 298-299 
Regeneration of cyanide, 235-242 
from gold-<‘opper n'sidiie treat- 
iiidii, 240-242 
Pachuen, Mexico, 238 240 
from silver-ore treatment, 238 
240 

Rosario, Honduras, 240 
Rf^gulntors, pH, 246-247 
Ri'iiioMil of oxvgen, 194 
Reno, cost of treatment, 417-418 
Rc'sidue, from amalgamation, 398- 
401 

Mother Lode, 399-401 
\ellow Aster mine, 398-399 
analysis of, Holliiiger, 210 
condition of gold in, 396 
old, treatment of, 396-402 
source of, 396 

200-mesh Teck-Hughi^i, 401 
Residue treatment, Aitierietiii re- 
treatment, 398-401 
cost of, 421-422 

Ihmdigo, Australia, 421 
Kalgrsirlie, 421 
Koiar, India, 422 
Yellow Aster, 421 
Mexican retreatment, 401-402 
Mother Lode, 399-401 
Tonopah, Nevada, 396-397 
United Eastern, 397-398 
Results of mill assays, Lake Shore, 
414 

Retrcatment, Mexican, of old resi¬ 
dues, 401-402 

Retreatment plant, Teek-Hughes, 
flow-sheet, 400 

Rhodesia, Gam and Motor, con¬ 
centrate treatment, 164 
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Rhodeaia, Cam and Motor, treat¬ 
ment of complex ores, 36Q-361 
Richards, Robert H., 140 
Roasted concentrates, corduroy, 
Lake View and Star, 183 
Roasting, 41 

and cyanidation, Lake View and 
Star, 376-377 
examples of, 164-167 
Morro Velho, 368 
Roasting concentrate, 164-167 
Cam and Motor, 164-166 
Golden Cycle, 166-167 
Lake View and Star, 183 
Wiluna, 167 

Roasting furnace, Edwards duplex, 
165 

Edwards simplex adjustable, 166 
Robinson, B., 254 
Rod mill, 72-73 

Marcy, in operation. Fig. 21, 73 
Rosario, Honduras, regeneration of 
cyanide, 240 

treatment of silver ores, 387-388 
Ross chain feeder, 55, 56 
Rotary-type filters, 129-133 
Russia, Kochkar Mines, flotation, 
153-154 

S 

St. John del Ray Mining Co., treat¬ 
ment of complex ores, 365-368 
Samples taken, Hollinger, 249 
Sampling bullion, 213 
Sampling ore. Golden Cycle, 247 
Hollinger, 248-249 
Me In ty re-Porcupine, 250 
Pioneer, 250 

Wright-Hargreaves, 260-251 
Sampling ore and solution, 247-261 
Sampling plant. Golden Cycle, flow¬ 
sheet, 248 

San Rafael, treatment of silver ore 
(see Pachuca) 

Sand drainage. Government Gold 
Mining Areas Plant, Transvaal, 
105 


Sand-slime separation, Golden Cycle, 
104 

Sand treatment, 99-112 
summary, 99 
Witwatersrand, 334 
Sand-treatment cycle, Homestake, 
103 

Santa Gertrudis, regeneration of 
cyanide, 233-240 

treatment of silver ore (see 
Pachuca) 

Sarawak, Borneo, Bidi, leaching of 
clay ore, 108-112 

Sarawak, Borneo Company, leach¬ 
ing, 106 

Saturation curves and altitude pres¬ 
sure, 231-232 

Scale, color, temperature, 446 
screen, Tyler Standard and 
I.M.M. Series, 452 
for slime-density calculations, 450 
Schraps, Paul C., 358 
Schutz, P., 250 
Schutz, Paul, 321 
Scott, J. W., 206 
Scott, Matthew, 209 
Scott, W. P., 64, 408 
Screen analysis of mill products. 
Argonaut, 141 

Screen scale, Tyler Standard and 
I.M.M. Series, 452 
Screening, crushing and conveying 
costs, 1935, Hollinger, 309 
Screen series, I.M.M., 452 
Screens, vibrating, 51 
Scrutton, T. C., 108 
Second-stage crushing, 57-68 
Secondary mills, closed-circuit, 88 
Selukwe, Southern Rhodesia, Wan¬ 
derers, treatment of gold ores, 
350-352 

Separation of sand and slime, 104 
Series testing, 37-39 
Shafter, Texas, Presidio, treatment 
of silver ore, 388-389 
Sharwood, W. J., 446 
Shipping to smelter, 161-162 
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Sieve analysis, 30 

crusher-house products, Mcln- 
tyre-Porcupine, table, 60 
Sieve-analysis ball mill and classifier 
products, Sunshine mill, 391 
Sieve series, 252-253 
Tyler Standard StTeen Scale and 
I.M.M. Series, 452 
Sieve tests, 251-253 
Silver, detection in cyanide sola- 
lions, 254 

poorest year for, 18 
world production, b\" countries, 21 
Silver-Dorfinan process, to ov<‘rcoine 
premature precipitation of gold 
by carbon, 243 

Silver ores, reagents for, 147 148 
treatment of, 385-395 
Cobalt, 391 

Pachuca, Mexico, 385-387 
Presidio, Shaft (*r, Texas, 388-389 
Rosario, Honduras, 387-388 
Sunshine, Idaho, Yankee Hoy, 
38<>-391 

Simple ores, gold, treatment of, 257- 
358 

Henguet Coiisolidatwi, 257- 
259 

Big Jim, 259-260 
Carson Ilill, 260 
Coniaurum, 300-304 
Day Dawn, 260 
Dentonia, 261-263 
Dome, 304-307 
Ea^^t Ceduld, 336-337 
Golden Chariot, 263-265 
Gkildeii Plateau, 266 
Golden Queen, 266-267 
Hollinger, 307-313 
Howey, 268 

Kirkland Lake, 273-299 
Kolar, 268-270 
Lake Shore, 277-282 
Lava Cap, 271 
London Mine, 271 
Macassa, 282-285 
Mclntyre-Porcupiiic, 313 
320 


Simple ores, gold, treatment of, Nev; 
State Areas, 337-340 
Northern Ontario, 273-320 
Original Sixtei»n-to-one, 320- 
321 

Pioneer, 321 -324 
PrtMiiier, 324- 326 
Randfontein h^states, 340- 
346 

Spring Hill, 325-326 
Sub-Nigel, 346-360 
Teek-Hughes, 285-2lX) 

To’ uin, 290-294 
United Eastern, 326-330 
Wanderers, Selukwo, South- 
cm Rhridesia, 350-352 
Wc'st Hand ConsolidatiHl, 
352 357 

West Springs, 367 
WitwalerKraiid, 330-368 
Wright-Ilargf‘lives, 294-299 
Simple ami complex ores, treatment 
of, 267-395 

Single-stage grinding with elasslfier 
in closed eireuii with ball mill, 78 
Siscoe, corduroy practice, 185 
Slags and matte, bullion from, 213 
Slime, primary, 148-150 
SliiiKMlensity calculations, 448-451 
scale for, 450 

Slime-density relations, table, 448- 
449 

Slime filter, Merrill automatic, 124 
Slime treatment, 113-139 
Hoinestake, 125 
Kirkland Lake ore, 277 
New Slate Areas, 340 
Porcupine ore, 300 
summary, 113 
Witwatersrund, 334 
Smelter, shipping to, 161-162 
Smelting concent rate, California 
Rand Co., 162 

cost of, and returns from, 161 
iSodiurn sulphide, prc‘cipitutiou by, 
204-206 

at Cobalt, 204^ 205 
at Nipissing, 205 
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Solubility of tellundes, 379-380 
Solutioui change of, 38 
cyclic use of, 39 
of gold, 233-234 
grinding in, 38-39 
sampling, 247-251 
Solution strengths, Randfontein 
Estates, 345-346 

and reagent consumption, Pioneer, 
324 

Solutions, cyanide, aerating or oxy¬ 
genating, 224-226 
determination of gold in, 253- 
254 

impurities in, 221-223 
flotation, alkalinity, of Mclntyre- 
Porcupine, 247 

values of, in various thickeners, 
United Eastern, 330 
West Rand Consolidated, 355 
Sorting, 64-69 

Alaska-Juncau, 64-65 
Gresson, 65, 66 
Howey, 66, 67 
Rand, 68, 69 
East Geduld, 68 
summary, 64 

Sorting and crusher stations, Sub- 
Nigel, flow-sheet, 349 
Source of residues, 396 
South Africa, milling practice, 84 
South American Development Co., 
Porto Velo, Ecuador, treat¬ 
ment of complex ores, 358-360 
South Dakota, Wasp No. 2, leach¬ 
ing, 106 

South Kalgurli, flow-sheet, 378 
trcttitment of complex ores, 377- 
378 

Southern Rhodesia, Wanderers, 
treatment of gold ores, 350-352 
Speed, of grinding mills, 80 
Spry, Russell, 250, 321 
Stage filtration, 122 
Stamp milling, sand and slime, 
treatment, Witwatersrand, 334 
Stamps, 75 


Standard square, Fagergren flota¬ 
tion machine, 153 
Stanley, G. H., 221 
Steel, tramp, 53 

Stephens-Adamson apron feeder, 57 
Stevens, T. B., 153, 373 
Sub-Nigel, crusher and sorting sta¬ 
tions, flow-sheet, 349 
crushing, washing and sorting, 
flow-sheet, 347 
grinding practice, 81-82 
milling, flow-sheet, 348 
treatment of gold ores, 346-350 
Sullivan, R. E., 268 
Sullivan, R. S., 66 
Sulman, H. L., 4 

Sulphides, copper, lead or zinc, gold 
losses in floating, 150 
floating, Lake Shore, 277 
Kirkland Lake ore, 275-277 
treatment of. Northern Ontario, 
162-164 

Sulphotelluridc ores, 368-380 
Sulphotellurides, Cripple Creek, 368- 
371 

Golden Cycle, 368-371 
Kalgoorlie, 371-373 
South Kalgurli, treatment of, 377- 
378 

Summary of ore treatment. Porcu¬ 
pine district, 301 

Sunshine, Idaho, Yankee Boy, treat¬ 
ment of silver ores, 389-391 
sieve analysis of ball mill and 
classifier products, 391 
silver-ore treatment plant, flow¬ 
sheet, 390 

Superior jaw crusher, 56 
Surface contamination of gold par¬ 
ticles, 25-26 
Surface crushing, 56-57 
Swainson, S. J., 148, 219 
Sylvanitc plant, Kirkland Lake, 
interior, 74 

Symbols of the elements, 427-428 
Symons crusher, 55 
cone, 57 
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T 

Table, Deister, 142 
of elements, 427-428 
Wilfley, 144 

Table concentration of tailings, 
checking flotation by, 150 
Tabling, 140-144 
at Presidio, Texas, 143-144 
Taggart, A. L., 236 
Tailings, Fresnillo, treatment of, 
401-402 

lixiviated patio, 401-402 
plant, Golden Horseshoe, flow¬ 
sheet, 397 

Taylor, John, and Sons, 268 
Tock-Hughes, crushing, 57 
flow-sheet, 287 
grinding, fineness of, 291 
mill supplies, 286 
retreatment plant, flow-sheet, 400 
sulphide treatment, 162 
treatment of gold ores, 285-290 
200-mesh residue, 401 
values and hours of treat ment, 291 
Tedrow, H. L., 271 
Teed, F. L., 4 

Tellurides, solubility of, 379-380 
Telsmith 8-A gyratory crusher, 57 
Temperature color scale, 446 
Temperature-conversion formulas 
and various temperatures, 445- 
446 

Temperatures, 445-446 
flame and furnace, 446 
Testing, for acidity, 26-29 
for alkalinity, 26-29 
for cyanidation, 29-39 
for flotation, 41-48 
Testing series, 37-39 
Testing solution, determination of 
oxygen in cyanide solutions, 228 
Tests, agitation, 30-39 
comparative, 46 

Dowsett, for detection of gold in 
cyanide solutions, 253-264 
elutriation, 27 
filter, and calculations, 49 


Tests, flotation, 149-150 
gold in cyanide solutions, deter¬ 
mination of, 253-254 
grading, 251-253 
hydrogen-ion, 245-247 
laboratory (filter), 49 
lime requirements of ores, to 
determine, 246 
magnetite analysis, 256 
pH, 245-247 
pyrite analysis, 254-256 
pyrrhotite analysis, 256 
screen, Tyler Standard and 
l.M.M. Series, 452 
settling, 49-50 
sieve, 251-253 

silver detection in cyanide solu¬ 
tions, 254 

Texas, Presidio, costs of tn^ntnient, 
420 

crushing, 57 
tabling, 143-144 

Tharsis Sulphur and Copper Com¬ 
pany, 1 

Thf^ory and practice of fine grind¬ 
ing, 76-84 

Thickener, Dorr, 113-117 
invention of, 4 
l>)rr washing, 116-117 
Center, 118-119 
Torq, Dorr, 115-116 
traction. Dorr, 115 
tray, development of, 5 
Dorr, 114-115 

Thickening, 113-119 
agitation and, PioncKjr, 322 
capacity, formula, 50 
Coniaururn, 303 
Pachuca, 386 

Third-stage crushing, 58-63 

Thomson, H. N., 255 

Tobum, crushing plant, flow-sheet, 

. 293 

cyanide plant, flow-sheet, 292 
sulphide treatment, 162 
treatment of gold ores, 290-294 

Todd, E. W., 274 
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Tonopah, Nevada, treatment of old 
residues, 396-397 
Torq, thickener, Dorr, 116-116 
Traction thickener. Dorr, 115 
Tramp steel, 53 

Transvaal, Government Gold Min¬ 
ing Areas Plant, vacuum drain¬ 
age of sand, 105 
Trap, gold, hydraulic, 169, 170 
Tray thickener. Dorr, 114r-116 
Traylor gyratory crusher, 66 
Treatment of complex ores, 358-395 
Canyon Corporation, 361-363 
copper-zinc, 382 
Fresnillo, 384-385 
Golden Cycle, 382-384 
Homestake, 363-365 
Kalgoorlie, 371-373 
Lake View and Star, 373-377 
Maitland mine, 361-363 
mixed copper, lead and zinc, 382- 
385 

Morro Velho, 366-368 
St. John del Ray Mining Co., 365- 
368 

South American Development 
Co., Port.o Velo, Ecuador, 
368-360 

South Kalgurli, 377-378 
Treatment of concentrates, 140-167 
Idaho-Maryland, 158-160 
flow-sheet, 169 
raw, 162 

Willow Creek, 160-161 
Treatment of corduroy concentrates, 
190 

Treatment costs, 408-422 
Alaska-Juneau, 408-409 
Coniaurutn, 409 
Golden Cycle, 409-410 
Hollinger, 413-411 
Homestake, 411 
Howey, 412 
Kolar, India, 412-113 
Lake Shore, 413-414 
Lava Cap, California, 414 
Mclntyre-Porcupine, 416 
Montana mines, 415 


Treatment costs, Morro Velho, 
Brazil, 415-416 
Mother Lode, 416-417 
of old residue, 421-422 
Premier, British Columbia, 417 
Presidio, Texas, 420-421 
Rand, 419 
Reno, 417-418 
United Eastern, 418 
Wright-Hargreaves, 419 
Treatment of gold-copper ores, 380- 
381 

Treatment of .manganese-silver ores, 
391-395 

Caron process, 392-393 
McClusky process, 393-395 
Treatment of old residues, 396-402 
American retreatment, 398-401 
cost of, Bendigo, Australia, 421 
United Eastern, 397-398 
Treatment of ore, Kirkland Lake, 
273-299 

Mother Lode, summary, 274 
Porcupine, 299-320 
Porcupine district, summary, 301 
Treatment of precipitate, 211-212 
Treatment of residue, cost of, 
Kalgoorlie, 421 
Kolar, India, 422 
Yellow Aster, 421 
Treatment of sand, 99-112 
Treatment of silver ores, 385-395 
Cobalt, 391 

Pachuca, Mexico, 385-387 
Presidio, Shafter, Texas, 388-389 
Rosario, Honduras, 387-388 
Sunshine, Idaho, Yankee Boy, 
389-391 

Treatment of simple and complex 
ores, 257-395 

Treatment of simple gold ores. Big 
Jim, 259-260 
Carson Hill, 260 
Coniaurum, 300-304 
Day Dawn, 260 
Dentonia, 261-263 
Dome, 304-307 
East Geduld, 335-337 
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Treatment of simple gold ores, 
Golden Chariot, 263-265 
Golden Plateau, 265 
Golden Queen, 266-267 
Hollinger, 307-313 
Howey, 268 
Kolar, 268-270 
Lake Shore, 277-282 
Lava Cap, 271 
London mine, 271 
Macassa, 282-285 
Mclntyre-Porcupine, 313-320 
New State Areas, 337-340 
Northern Ontario, 273-320 
Original Sixteen-to-one, 320-321 
. Pioneer, 321-324 
Premier, 324-326 
Randfontcin Estates, 340-346 
Spring Hill, 326-326 
Sub-Nigel, 346-350 
Teck-Hughes, 285-290 
United Eastern, 326-330 
Wanderers, St^lukwe, Southern 
Rhodesia, 350-352 
West Rand Consolidated, 352-357 
West Springs Consolidated, 357- 
358 

Witwatersrand, 330-358 
Wright-Hargreaves, 294-299 
Treatment of simple ores, 257-368 
Treatment of slime, 113-139 
Homestake, 125 

Treatment of sulphides. Northern 
Ontario, 162-164 

Treatment of sulphotellurides. South 
Kalgurli, 377-378 
Trommels, 51 

Tube mill, introduction of, 4 
Tube milling, flownsheet, Hollinger, 
81 

Mclntyre-Porcupine, 81 
New State Areas plant, 80 
Tube mills, 73-V5 

Tul Mi Chung, treatment of gold- 
copper ores, 380-381 
Turbo agitator, 97 
Two-hundred-mesh residue, Teck- 
Hughes, 401 


Tyler, Co., W. S., 262 
Tyler standard screen scale, and 
l.M.M. series, 452 

U 

Underground crushing, 56 
Unit flotation cell and hydraulic 
cone, 168-171 
United Eastern, cosis, 330 
of treatment, 418 
countercurrent decantation, flow¬ 
sheet, 327 

curve of dissolution, 328 
precipitation and reflning, 320- 
330 

treatment of old residues, 397-398 
values of solutions in various 
thickeners, 330 

United States practice, Corduroy, 
188-190 

Utah Copper Co., Magna plant, 
corduroy practice, 189-190 

V 

Vufaium drainage of sand trharge, 
Cro^c?rnmerit Gold Mining Areas 
plant, Transvaal, 105 
Vacuiiin filters, 126-129 
Values and hours of treatment, 
Tcck-Hughes, 291 

Values of solutions in various thick¬ 
eners, United Eastern, 330 
Vanner, 140 

Variations, alkalinity, 226-221 
Vary, R. A., 174 

von Bemewitz, M. W., 123, 180, 
242, 396 

W 

Waihi, bullion, 214 
Wallace, H. V., 275 
Wallace agitator, 97 
Wanderers, Consolidated Gold 
Mines, Ltd., flow-sheet, 351 
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Wanderers, treatment of gold ores, 
350-362 

Warienweilcr, F., 83, 106, 203, 212, 
251, 331, 340 
Wartenweiler, Otto, 326 
Washes, 41 

Washing of ore pulp, dissolution 
during, 138-139 

Washing thickener. Dorr, 116-117 
Wasp No. 2, South Dakota, leach¬ 
ing, 106, 107-108 
Weave and nap of corduroy, 181 
Weighing apparatus, for ore, Blake- 
Dennison, 54 

Hardinge constant-weight, 54 
Merrick weightometer, 54 
Weighing ore, 54 
Weightometer, Merrick, 54 
Weights, atomic, of the elements, 
427-428 

conversion table for, 444 
of the elements, 427-428 
Weinig, A. J., 226 

Weinig-Bowen method for deter¬ 
mining oxygen content of cya¬ 
nide solutions, 228-231 
Wernccke, Livingston, geologist, 64 
West Rand Consolidated, flow¬ 
sheets, 353, 354 
pyrite mill, flow-sheet, 356 
solutions, 355 

treatment of gold ores, 352-357 
West Springs, filtration, 128-129 
treatment of gold ores, 357-358 
Western Australia, Wiluna, crush¬ 
ing, 66 

White, H. A., 226, 233, 336 
White method for determining oxy¬ 
gen content of cyanide solu¬ 
tions, 227-228 
Wilfley sand pumps, 68 
Wilfley table in action, 144 
Willey, J. L., 128 
Willey, J. T., 244 
Williams, M. £., 248 
Willow Creek, concentrate treat¬ 
ment, 160-161 
conditioning operations, 234 


Wiluna, Western Australia, crush¬ 
ing, 66 

roasting concentrate, 167 
Witwatersrand, concentrating, 333 
costs, 334 
crushing, 332 

East Geduld, flow-sheet, 336 
grinding, 81-82, 332 
metallurgical practice, 1886-1890, 
flow-sheet, 331 
1910, flow-sheet, 332 
1934, flow-sheet, 333 
precipitation, 334 
sand treatment, 332 
slime treatment, 334 
treatment of gold ores, 330-358 
Woodworth, S. E., 141, 172 
Woody, R. J., 243 
Woolf, J. A., 149, 243, 380, 401 
Wright, H. B., 240 
Wright-Hargreaves, analysis of ore, 
275 

bromo salts, 244-245 
cost of treatment, 418 
cyanide section, flow-sheet, 294 
fine iron in mill pulp, 243 
flotation, 297-298 
flotation section, flow-sheet, 296 
ore analysis, 275 
ore sampling, 250-251 
power, 426 

precipitate, average grade of, 211 
refining, 298-299 
sulphide treatment, 163 
treatment of gold ores, 294-299 
Wyman, Jr., G. H., 398 

Y 

Yankee Boy, Sunshine, Idaho, treat¬ 
ment of silver ores, 389-391 
Yellow^ Aster, leaching costs, 421 
Young, G. J., 106 

Z 

Zinc, precipitation by, 191-196 
Zinc iMxes, 208 
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Zinc-dust precipitation, 192-193, Zinc-gold-silver precipitate, cleanup 
19^200 for, 208 

advantages of, 196-197 Zinc precipitate, fluxing, 211 

chemical considerations, 107-198 Zinc-shaving precipitation, 200-203 

economics, 198 Zinc sulphides, gold Iosschs in floating, 

equipment, 198-200 160 







